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the  ENGINEER'S  PLACE  IN  THE  POST-WAR  PICTURE,  by  S.  S.  Egert . 

How  "the  boys  in  tb*  laboratories"  can  help  develop  the  industrial  electronic  market 

buoy  radiobeacons  for  inshore  navigation . 

Automatic  Coast  ^uard  transmitters  guide  ships  having  radio  direction-finders  through  difficult  waters 

TRANSMISSION  LINE  CHARTS,  by  R.  F.  Bcmm . . 

Two  graphicaUpharts  enable  impedance  distribution  of  transmission  lines  to  bo  determined 

fluorescent  inspection  of  tungsten,  by  S.  A.  Kulin . 

Large  quantities  of  tungsten  rods  inspected  for  cracks  by  treating  with  fluorescent  penetrant 

V  H-F  receiver  oscillator  design,  by  S.  Y.  White . 

Problems  confronting  engineers  developing  highly  stable  gear  for  the  future  are  outlined 

MOVIES  AND  SUDEFILMS  SPEED  WARTIME  TRAINING  OF  TECHNICIANS,  by  L.  S.  Metcalfe . 

Movies  and  slidefilms  help  engineers  train  war  workers,  present  new  teaching  techniques  to  engineers 

RECORDING  AUDIO  ANALYZER . 

Recording  audio  analyzer  which  provides  quick,  permanent  record  of  the  level  at  each  audio  frequency 

detecting  small  mechanical  movements,  by  J.  C.  Frommer . 

Electronic  measuring  instrument  detects  movements  as  small  as  a  millionth  of  an  inch 

CALIBRATION  OF  CAMERA  SHUTTERS  WITH  THE  CATHODE-RAY  OSCILLOGRAPH,  by  T.  H.  Bullock 

Cathode-ray  tube  used  to  determine  all  essential  characteristics  of  interlens  or  focal  plane  shutters 

QUARTZ  CRYSTAL  CUTS,  by  L.  A.  Elbl . . 

A  discussion  of  the  various  angular  relationships  between  oscillator  plates 

ELECTRON  TUBES  FOR  INDUSTRY  AND  COMMUNICATION . (Between  pages  112 

Sixty  years  of  electronics,  graphically  portrayed 

ELECTRONICS  APPLIED  TO  HEAT  TRANSFER  TESTS,  by  R.  V.  Brown . 

Electronic  circuits  maintain  constant  temperature  and  measure  amount  of  power  used  in  heating 

ELECTRONIC  LOAD  REGULATOR  FOR  METER  TESTING,  by  B.  E.  Lenehan . 

Saving  of  manpower  and  increased  precision  of  calibration  made  possible  by  electronic  load  regulator 

ELECTRONIC  CONTROL  OF  D-C  MOTORS— PART  III,  by  E.  E.  Moyer . 

Discussion  of  extension  of  speed  range  by  electronic  methods  of  field  weakening 

DESIGN  FOR  DISSYMMETRICAL  T  PADS,  by  E.  Y.  Webb .  . 

‘  ■  ■  5  to  25  db 


Design  data  for  determining  resistances  of  dissymmetrical  pads  for  attenuation  of  from 
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The  characteristic  you  demand  in  a  capacitor  is  long  life.  And  in  this 
all-important  matter  the  record  of  Tobe  Capacitors  is  an  enviable  one, 
with  almost  complete  absence  of  ''returns.” 

Lasting  stamina  is  built  into  Tobe  Capacitors  through  every  step  in  their 
manufacture  and  is  cross-checked  by  frequent,  rigid  inspections.  Electrical 
ratings  are  always  on  the  conservative  side.  Research  is  continuous  in  the 
search  for  an  even  better  way,  an  even  higher  standard. 

Type  DP  Molded  Paper  Capacitor  shown  below  is  the  first  oil- 
impregnated  condenser  to  be  found  physically  and  electrically  inter¬ 
changeable  with  the  majority  of  mica  capacitors  used  in  the  by-pass  and 
coupling  circuits  of  radio  and  radar  equipment.  For  the  first  time  since 
its  introduction  we  are  now  in  position  to  accept  immediate  orders  with 
prompt  delivery  assured. 


SPECIFICATIONS-TYPE  DP  CAPACITOR 

CAPACITAHCE . 001  to  .01  mfd. 

WORKING  VOLTAGE .  600  volts  DC -flash  test  1800  volts  DC 

SHUNT  RESISTANCE . . At  185'’F.—  1000  megohms  or  greater 

At  72®  F. — 50000  megohms  or  greater 

WORKING  TEMPERATURE  RANGE  . . .  . Minus  50®  F.  to  plus  185®  F. 

OPERATING  FREQUENCY  RANGE . Upper  limit  40  megacycles 

Q  at  one  megacycle — 25  or  better 

POWER  FACTOR . At  1000  cycles— .005  to  .006 

These  capacitors  meet  Army  and  Navy  requirements  for  immersion  seal; 
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LONG  LIFE 


A  SMALL  PART  IN  VICTORY  TODAY -A  BIG  PART  IN  INDUSTRY  TOMORI 

2  July  1943  — ELECTRi 
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"=  no  ratings,  are  filled  by  manufac- 
5  turers  on  certification  that  the  tubes 
=  being  purchased  replace  worn-out 
=  tubes  in  home  sets. 

=  Manufacturers  may  exchange 
S  stamped  tubes  among  themselves 
111;  without  restriction.  The  amendment 
also  permits  the  export  of  15  percent 
of  the  stamped  tubes  in  any  given 
quarter. 
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•C"  The  United  States  Government 
is  planning  to  spend  $6,000,000,000 
for  electronic,  radio  and  radar  equip¬ 
ment  and  parts  during  the  fiscal  year, 
July  1,  1943  to  June  30,  1944. 

Army  and  Navy  appropriation 
bills  now  pending  before  Congress 
call  for  approximately  $100,000,000,- 
000  for  that  period.  Thus  six  dollars 
out  of  every  $100  will  go  for  com¬ 
munications  apparatus.  Of  the  $6,- 
000,000,000,  approximately  $4,000,- 
000,000  will  be  spent  under  the  jur¬ 
isdiction  of  the  Signal  Corps  and 
$2,000,000,000  under  that  of  the  Bu¬ 
reau  of  Ships. 

Six  billion  dollars  is  more  than  the 
total  expenses  of  the  United  States 
Government  for  the  year  ending  June 
30,  1933,  ten  years  ago.  It  is  almost 
equal  to  the  $6,255,000,000  expended 
for  national  defense  in  1941,  the  last 
pre-war  year. 

RADAR — With  the  recent  lifting 
of  the  secrecy  veil  on  radar  by  the 
Army  and  the  Navy  it  w’as  inevitable 
that  people  should  think  of  radar  en¬ 
tirely  in  terms  of  a  great  new’  war 
weapon,  with  little  or  no  emphasis 
on  the  part  that  it  may  play  in  the 
post-war  industrial  economy.  Hence 

ithe  significance  of  a  recent  statement 
from  Ray  C.  Ellis,  Director  of  the 
WPB  Radio  and  Radar  Division. 

He  tells  us  that  already  radar  is 
bringing  about  far-reaching  changes 
in  the  techniques  of  old  industries. 
He  foresees  the  definite  projection  of 
radar  and  other  high-frequency  mili¬ 
tary  gear  into  many  peacetime  ap¬ 
plications. 

TRAINING — To  cope  in  part  with 
the  manpower  shortage,  Paul  V.  Mc¬ 
Nutt,  Chairman  of  WMC,  has  an¬ 
nounced  that  since  October  1940, 
80,000  men  and  women  have  been 
'trained  for  radio  work  in  Engineer- 
,ing,  Science  and  Management  War 
I  Training  courses  and  that  an  addi- 
jtional  18,000  have  been  enrolled  in 
!j  electronic  courses.  These  free  courses 
■are  offered  through  more  than  220 
;  colleges  and  universities. 


It  has  been  noted  that  three  radio 
courses  are  most  popular  with  train¬ 
ees:  Fundamentals  of  Radio;  Radio 
and  Pre-radar;  and  Ultrahigh-Fre- 
quency  Techniques.  Mr.  McNutt 
stated  that  an  increasing  number  of 
women  have  enrolled  in  the  last  six 
months.  The  Aircraft  Radio  Labora¬ 
tory  at  Wright  Field  alone  has  more 
than  200  women  in  courses  preparing 
for  radio  jobs. 

PRODUCTION — The  Government 
is  now  definitely  getting  the  benefit 
of  maximum  production  in  the  form 
of  lower  unit  costs.  For  example. 
Captain  J.  B.  Dow,  head  of  the  Radio 
Division  of  the  Navy’s  Bureau  of 
Ships,  stated  before  the  House  Com¬ 
mittee  that  not  so  long  ago  a  certain 
type  of  transmitter  used  on  a  certain 
type  of  naval  vessel  cost  $8,500.  It  is 
now  being  installed  at  a  cost  to  the 
Government  of  $6,000. 

Standardization  and  greater  vol¬ 
ume,  of  course,  have  helped  to  bring 
this  about  but  there  is  considerable 
doubt  as  to  whether  unit  costs  can 
be  reduced  much  further.  Two  fac¬ 
tors  are  operating  against  such  a 
trend — the  loss  of  skilled  technicians 
and  the  difficulty  of  replacing  them; 
and  the  advances  in  apparatus  which 
cause  changes  in  specifications. 

“MR” — There  have  been  a  num¬ 
ber  of  complaints  that  replacement 
and  maintenance  items  made  for  the 
homefront  from  materials  allocated 
for  this  purpose  are  sometimes 
snapped  up  by  the  military  services. 
This  has  caused  some  serious  short¬ 
ages,  notably  shortages  of  replace¬ 
ment  tubes. 

To  insure  that  tubes  made  for  re¬ 
placement  use  in  civilian  radio  sets 
really  get  there  WPB  has  ordered 
manufacturers  to  stamp  such  tubes 
w’ith  the  letters  MR,  meaning  “Main¬ 
tenance  and  Repair.”  An  amendment 
to  Limitation  Order  L-265  prohibits 
the  domestic  transfer  of  such  tubes 
on  orders  by  major  claimant  agencies 
and  on  orders  carrying  preference 
ratings.  Civilian  orders,  w’hich  need 


AFRICA  —  The  Signal  Corps, 
Army  Services  Forces,  has  noted 
with  satisfaction  the  excellent  per¬ 
formance  of  communications  gear  in 
North  Africa. 

It  is  reported  that  one  5-pound 
“walkie-talkie”  is  particularly  well- 
liked  by  infantry  patrols  and  other 
front-line  troops  because  it  is  light 
in  weight  and  easy  to  handle.  The 
automatic  switch  which  turns  the  set 
on  when  the  telescopic  antenna  is 
pulled  out  of  the  case  and  the  “press- 
to-talk”  button  under  the  operator’s 
finger  have  worked  with  great  effi¬ 
ciency. 

The  “guidon”  set,  a  portable  radio 
transmitter  and  receiver  with  a 
longer  range  than  the  “walkie-talkie,” 
originally  planned  for  cavalry  service 
alone,  has  similarly  proved  its  worth 
in  other  services.  It  is  built  in  two 
sections,  one  strapped  to  the  com¬ 
munication  man’s  chest  and  the 
other  mounted  on  a  staff,  the  upper 
part  of  which  is  the  antenna. 

The  staff  can  be  mounted  in  a  cav¬ 
alry  boot,  on  a  motor  vehicle,  or  the 
ground. 

ALASKA — One  of  the  fondest 
hopes  of  Major  General  Dawson 
Olmstead,  Chief  Signal  Officer  of  the 
Army,  was  realized  recently  when  he 
picked  up  his  phone  at  the  Pentagon 
Building  in  Washington  and  talked 
with  Army  generals  at  Whitehorse  in 
the  wilds  of  the  Yukon  Territory. 
This  marked  the  official  opening  of 
telephone  communications  to  the 
Northwest  Service  Command. 

The  circuit  over  which  the  gener¬ 
als  spoke  included  the  wires  of  the 
Alcan  Telephone  Project,  which  when 
fully  completed  will  reach  from  Ed¬ 
monton,  Alberta  to  Fairbanks, 
Alaska — more  than  2000  miles,  the 
longest  carrier-equipped  telephone 
line  in  the  world.  It  will  provide  tele¬ 
phone  and  teletype  facilities  for  the 
military  needs  of  the  United  Nations 
through  the  use  of  seven  talking 
channels  and  fourteen  teletype  chan¬ 
nels. — G.T.M. 
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Even  the  Most  Minute  Part 
Has  Its  Big  Moments  g 


Mhe  contact  points  in  a  fighter  plane’s  ’’^turn  and  bank” 
indicators  are  not  much  for  size,  but  they  must  be  brutes 
for  action.  Like  all  component  parts  in  a  plane’s  electrical 
apparatus,  they  must  function  perfectly  or  spell  trouble 
for  the  pilot.  Always,  be  must  be  sure  of  his  maneuver. 

Under  war  need’s  pressure,  a  new  type  ”turn  and  bank” 
indicator — an  instrument  in  which  the  pointer  remains 
stationary  to  show  the  degree  of  deviation  from  normal 
flight — called  for  contacts  capable  of  operating  75  times 
a  second,  but  extremely  sensitive.  Tiny  contacts  they  are, 
less  than  a  tenth  of  an  inch  in  diameter,  but  they  make 
and  break  the  circuit  that  controls  the  speed  of  the 
gyroscopic  motor. 

Early  in  the  designing,  Mallory  contact  experience  was 
sought.  Standard  contact  materials  set  up  excess  arcing, 
creating  unwanted  radio  interference.-Then  Mallory  met¬ 
allurgists,  working  against  time,  developed  a  combination 
of  metals — standard  tungsten  for  one  point,  Elkonium-34 
for  the  other — that  licked  the  problem  in  jig  timel  Just 
one  contribution  to  the  development  of  accurate  combat 
maneuvers,  to  be  sure,  but  an  excellent  example  of  how  con¬ 
centrated  cooperation  is  functioning  to  insure  that  even 
the  most  minute  part  dt>es  its  bit  at  the  critical  moment. 


Mallory's  years  of  contact  experience  and  ’'know  how,” 
stimulated  by  war  production  demands,  are  furnishing 
innumerable  solutions  to  perplexing  problems  of  contacts 
and  contact  assemblies.  Many  of  the  applications  devel¬ 
oped  in  the  Victory  effort  have  significance  for  the  future. 


>Mien  you  have  contact  problems,  bring  them  to  Mallory, 


P.  R.  MALLORY  &  CO.,  Inc. 
INDIANAPOLIS,  INDIANA 

Cable  Address  —  PELMALLO 


While  the  design  is 
still  in  blueprint  form 


ELECTRICAL  CONTACTS  AND 
CONTACT  ASSEMBLIES 
NON  FERROUS  ALLOYS 
POWDERED  METAL  ALLOYS 


CONSULT  MALLORY 

for  Contacts  and 
Contact  Assemblies 


KLECTROMCS 


ELECTRONICS. ...KEITH  HENNEY  Editor. ...JULY.  1943 


CROSS 


TALK 


)MCS 


►  TRIVIA  .  .  .  Outfit  in  Connecticut  industrial  city 

having  great  trouble  holding  labor.  It  seems  that 
this  company  does  its  government  work  on  straight 
contract  basis.  Other  outfits  in  same  city,  however, 
work  on  cost  plus  basis  and  are  quite  willing  to  pay 
fancy  prices  for  labor.  First  company  trains  the 
men;  second  outfit  hires  them  away. 

In  one  of  the  high-powered  laboratories  working 
for  the  Government,  bright  engineers  have  been  re¬ 
quested  to  keep  their  new  ideas  to  themselves;  not 
to  tell  armed  forces  about  them.  It  seems  that  the 
l)oys  can  think  up  swell  ideas  faster  than  they  can 
he  put  into  production  with  the  result  that  govern¬ 
ment  men  are  always  ecstatic  about  some  new  device 
which  would  win  the  war  if  they  could  get  it.  In 
meantime  war  goes  on  and  men  in  field  must  fight 
,^vith  what  we  can  produce  right  now.  A  thousand 
mits  today,  no  matter  how  much  better  they  could 
’■e  made  later,  are  worth  far  more  than  the  promise 
if  a  thousand  deluxe  units  six  months  from  now. 

From  a  New  York  City  plant  making  communica- 
ion  equipment  for  Signal  Corps  and  Bureau  of 
f'hips,  local  draft  boards  take  trained  men  so  fast 
Ue  owner  of  the  place  is  about  to  give  up  and  quit, 
^'nable  to  get  men  and  train  them  as  fast  as  they  are 
recjuired  to  fill  local  quotas  he  is  falling  down  on 
f  uj  tracts.  In  spite  of  representations  by  both  service 
branches  stating  how  important  to  the  war  is  the 
^aterial  being  manufactured,  men  are  being  taken 
^way  steadily. 

r  CA.MPAIGN  .  .  .  Now  that  the  United  States  Rub- 
I*"  r  Company  has  bought  the  rights  to  broadcast  the 


New  York  Philharmonic-Symphony  orchestra  over 
CBS,  an  opportunity  exists  for  both  sponsor  and 
broadcaster  to  cultivate  the  vigorous  and  enthusi¬ 
astic  market  residing  in  thousands  of  FM  receiver 
owners.  This  No.  1  high-quality  program  should  be 
put  on  FM  stations;  and  somebody  has  done  a  bum 
selling  job  if  this  celebrated  orchestra  with  its  many 
years  of  CBS  broadcast  history  is  not  on  FM  stations. 

►  EXPEDITING  .  .  .  There  is  no  substitute  for 
brains  when  it  comes  to  breaking  production  bottle¬ 
necks  and  getting  out  gear  needed  for  the  war  effort. 
But  a  fresh  viewpoint  helps  too.  Some  of  the  expedit¬ 
ing  boys  who  are  not  hampered  by  too  intimate  a 
knowledge  of  how  things  have  always  been  done 
before  are  proving  it. 

A  good  example  of  what  can  be  accomplished  is 
the  case  of  the  assembler  who  ordered  a  hundred 
ten-foot  lengths  of  coaxial  from  a  cablemaker.  He 
waited  five  months  for  delivery  and  then  became  im¬ 
patient.  A  man  was  sent  over  to  the  busy  plant.  He 
didn’t  find  any  cable  ready  to  ship  but  he  did  spot, 
over  in  a  corner,  miles  of  the  stuff  that  had  appar¬ 
ently  been  discarded. 

“What’s  that  cable?’’  he  asked.  “Oh,’’  he  was  told, 
“that  stuff  was  rejected  because  the  outside  diameter 
is  not  uniform.”  Momentary  silence  on  the  part  of 
the  expediter,  and  then:  “It  may  not  have  uniform 
o.d.  in  long  lengths,  but  how  about  checking  it  to 
see  if  you  can’t  get  a  hundred  ten-foot  pieces  out 
of  it?” 

Result:  85  cables  were  shipped  in  the  next  two 
weeks ! 


The  ENGINEER’S  PLACE  in 


New  industrial  electronic  applications  will  make  it  necessary  for  designers  to  maintain 
closer  contact  with  prospective  customers.  Equipment  manufacturers  will,  of  necessity, 
lean  more  heavily  upon  their  top  technicians  for  administrative  and  marketing  help 
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New  applications  of  tubes  will 
undoubtedly  bring  about  radical 
changes  in  the  responsibilities  of 
electronic  engineers  after  the  war. 
They  will  simultaneously  create  new 
administrative  opportunities  for  such 
engineers. 

In  the  past,  much  of  our  industry’s 
business  consisted  of  radio  receivers 
designed  for  the  man  in  the  street. 
Most  of  the  ultimate  customers  for 
industrial  electronic  equipment  will 
be  technicians  of  one  kind  or  another, 
instead  of  laymen  having  little  tech¬ 
nical  background.  This  difference  in 
the  character  of  an  important  new 
group  of  customers,  and  the  varied 
nature  of  industrial  jobs  they  want 
done,  will  make  it  desirable  for  the 
electronic  engineer  to  maintain  much 
closer  contact  with  the  field.  It  will 
be  necessary  for  electronic  equipment 
sales  organizations  aiming  at  this 
group  to  lean  more  heavily  upon 
their  engineers  for  marketing  help. 

New  responsibilities  will  involve 
additional  work,  not  directly  associ¬ 
ated  with  the  laboratory.  Let  us  ex¬ 
amine  some  of  these  extra  functions 
and  speculate  concerning  their  prob¬ 
able  influence  upon  the  development 
of  the  industrial  electronics  field  and, 
particularly,  upon  the  future  of  elec¬ 
tronic  engineers. 

Designing  Prodneft  for  Industry 

The  electronic  engineer  will  find  it 
necessary  to  assume  more  of  the  re¬ 
sponsibility  for  the  physical  appear¬ 
ance  and  mechanical  design  of  equip¬ 
ment.  In  industry,  physical  design 
cannot  be  dictated  by  mere  saleabil¬ 
ity  of  appearance.  This  contrasts 
sharply  with  recent  practice  in  the 
radio  receiver  field. 

Obviously,  the  answers  to  physical 


and  mechanical  design  problems  in¬ 
volving  functional  effectiveness,  abil¬ 
ity  to  “take  it”  and  safety  in  opera¬ 
tion  are  not  in  the  laboratory.  They 
are  out  in  the  field.  It  would  be  well 
for  the  engineer  designing  industrial 
electronic  equipment  to  take  this 
point  seriously  as  it  is  of  great  im¬ 
portance.  The  future  may  otherwise 
see  many  excellent  circuits  fail  be¬ 
cause  they  are  improperly  housed  and 
protected  for  industrial  require¬ 
ments.  Two  identical  devices  may 
have  to  be  housed  differently,  de¬ 
pending  upon  the  industry  they  are 
to  go  into. 

Assisting  the  Sales  Department 

Advertising  managers  and  agencies 
will  lean  more  heavily  on  the  elec¬ 
tronic  engineer  in  the  future.  In¬ 
dustrial  literature,  to  be  effective, 
must  give  facts  and  only  the  engineer 
can  supply  these  facts. 

Engineers  who  are  in  administra¬ 
tive  positions  should  study  literature 
of  other  established  industries  as 
well  as  that  of  their  own.  Great  sav¬ 
ings  in  correspondence  about  a  com¬ 
pany’s  industrial  electronic  products 


From  the  FIRING  LINE 

THE  AUTHOR  ia  a  aalaaman  of 
electronic  apparatus,  with  a  tech¬ 
nical  background  and  considerable 
experience  among  both  communica¬ 
tions  and  industrial  accounts 
He  passes  along  a  lew  sugges¬ 
tions  to  the  "boys  back  in  the  lab¬ 
oratories"  concerning  development 
of  the  industrial  market  as  con¬ 
trasted  with  the  radio  receiver 
market,  based  on  personal  obser¬ 
vation  of  important  differences  be¬ 
tween  the  two 


can  be  made  if  questions  are  antici¬ 
pated  and  answered  in  printed  data 
sheets.  The  engineer  will  not  only 
aid  his  sales  department  by  cooper¬ 
ating  in  the  preparation  of  printed 
matter  of  all  kinds  but  will  also  con¬ 
serve  much  of  his  own  time  there¬ 
after. 

Five  suggestions  which  may  prove 
helpful  are  listed  below: 

(1)  Make  descriptions  short  and  to 
the  point.  A  set  of  specifications  with 
short  summations  is  often  more  help¬ 
ful  to  the  industrial  prospect  than  a 
lengthy  description. 

(2)  Graphs  and  curves  are  highly  de¬ 
scriptive.  They  tell  more  about  the  per¬ 
formance  of  certain  types  of  equipment 
than  any  number  of  words.  Use  then 
freely  and  whenever  possible. 

(3)  Large  and  clear  illustrationj 
should  be  used.  Good  photographs  are 
much  more  than  just  advertising.  They 
can  effectively  and  usefully  illustrate 
constructional  details  and  physical  lay¬ 
outs. 

(4)  Use  the  language  of  the  industry 
you  are  particularly  interested  in  in¬ 
fluencing.  Realize  that  terms  and  defi¬ 
nitions  may  vary  widely  from  one  in¬ 
dustry  to  another. 

(5)  Dimensional  Mne-drawings  of 
components  and  complete  units  are  of 
the  utmost  importance.  They  tell  the 
industrial  engineer  immediately  if  » 
component  or  unit  can  be  readily  fitted 
into  an  available  space. 

Training  of  Service  Specialists 

The  problem  of  servicing  indus¬ 
trial  electronic  equipment  is  entirely 
different  from  that  in  the  radio  re¬ 
ceiver  field. 

In  industry,  and  particularly  in  con¬ 
nection  with  production  machinery, 
a  slight  delay  in  making  electronic 
apparatus  repairs  might  involve 
tremendous  cost  to  the  customer  il 
he  has  to  shut  down  while  the  ma¬ 
chine  is  idle.  Therefore,  highly 
trained  service  specialists  must 
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leafed  to  perform  this  duty  quickly 
nd  properly.  It  will  be  the  responsi- 
^  ility  of  the  industrial  electronic  en- 
ineer  to  select,  train  and  supervise 
men. 

The  background  of  servicemen  will 
tiy  from  that  afforded  by  a  trade 
hool  to  the  preparatory  education 
btained  in  an  engineering  college, 
ilepending  upon  the  service  to  be  ren- 
lered  in  the  field  and  the  nature  of 
it'  equipment.  The  reservoir  of  suit- 
t  lie  men  is  at  present  so  dry  as  to 
'■  almost  non-existent.  So  the  train- 
y  of  servicemen  will  have  to  be 
<11  .‘(1  from  scratch  in  many  in- 
i! ces,  after  the  war.  Field  main- 
*  ni  nce  work  will  be  excellent  basic 
laining  for  younger  men  starting 
1  the  industrial  electronics  field  and 
^’n 'ng  at  eventual  engineering  and 
y  111  inistrative  jobs. 

I  A  word  is  desirable  here  about 


the  writing  of  instruction  manuals. 
All  engineers,  and  particularly  those 
in  administrative  posts,  must  realize 
the  value  and  importance  of  clear, 
concise  and  accurate  instruction 
booklets.  To  a  large  extent  the  sug¬ 
gestions  for  sales  literature  prepara¬ 
tion  listed  above  also  apply  to  the 
writing  of  manuals.  Engineers  will, 
of  course,  have  to  cooperate  in  their 
preparation,  or  handle  the  entire  job. 

Developing  New  Applications 

The  industrial  electronic  engineer 
of  the  future  will  of  necessity  be 
more  concerned  with  marketing  prob¬ 
lems  than  he  has  wanted  to  be,  or 
has  been  permitted  to  be,  in  the 
radio  receiver  business. 

Problems  which  only  the  engineer 
can  solve  will  arise  frequently  in  the 
coming  search  for  industrial  markets 
and  in  the  later  efforts  to  capture 


these  markets.  It  is  well-known  that 
the  potential  market  for  industrial 
electronic  equipment  is  very  exten¬ 
sive.  Many  applications,  however, 
are  so  deeply  hidden  in  a  labyrinth 
of  complex  mechanisms  that  only  the 
trained  engineer  will  be  able  to  un¬ 
cover  them. 

Constant  reading  of  industrial 
publications  can  lead  the  engineer 
to  added  markets.  Preparation  of 
papers  concerning  new  developments 
by  the  engineer  himself  can  also  be 
of  great  value  in  the  search  for  new 
applications.  For  example,  publica¬ 
tion  in  Electronics  of  a  paper  de¬ 
scribing  new  methods  for  the  high- 
frequency-heating  of  wood  adhesives 
would  carry  the  message  broadly  to 
all  industry.  This  would  not  only 
reach  prospects  in  the  wood  product 
manufacturing  field  but  would  also, 
(Continued  on  page  156) 
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Unattended  transmitters, 
housed  in  buoys  anchored 
near  channel  and  harbor  ap¬ 
proaches  before  the  war,  aided 
ships  through  difficult  waters 
when  abnormal  conditions  re¬ 
duced*  the  effectiveness  of 
lights,  hells  and  horns.  Pilot' 
identified  buoys  by  their 
emitted  characteristic  codes. 
Radio  direction  finders  were 
then  used  to  “run  them  down  ‘ 


A  radio-equipped  buoy  "on  station."  The  storage-battery-operated  trans¬ 
mitters  stow  away  below  waterline  in  a  sealed  "pocket"  within  the  hull.  A 
flexible  coaxicd  cable  carries  r-f  output  up  to  an  antenna  coupling  imit  at  the 
top  of  the  superstructure.  The  15  ft  monel-metal  radiator  mounts  directly  on  a 
ceramic  insulator  included  in  the  antenna  coupling  unit  protective  case  design 


Ships  navigating  in  open  waters 
offshore,  near  populated  coasts, 
have  long  been  able  to  get  a  good 
position  “fix”  by  radio. 

Originally,  they  turned  on  their 
transmitters,  called  land  stations 
having  direction-finding  equipment 
and  held  their  keys  down  while  these 
stations  manipulated  loop  receiving 
antennas.  When  the  shore  stations 
had  determined  the  compass  bear¬ 
ings  of  the  ships  with  respect  to 
their  own  positions  in  this  manner 
they  passed  the  information  along 
by  radio.  Navigators  then  plotted 
bearings  received  from  two  or  more 


widely-separated  land  stations  on 
their  charts  and  placed  their  vessels 
where  these  lines  intersected. 

Later,  many  ships  were  equipped 
with  their  own  radio  direction-find¬ 
ers  and  the  process  was  exactly  re¬ 
versed,  rendering  unnecessary  spe¬ 
cial  transmissions  between  ships  and 
shore.  The  ships  merely  tuned  in 
identifiable  radiobeacon  shore  sta¬ 
tions,  determined  the  bearings  of 
such  stations  and  plotted  their  posi¬ 
tions  from  this  data.  Certain  se¬ 
lected  shore  stations  and  lightships 
transmitted  continuously  for  this 
purpose  during  fog  or  thick  weather. 


constituting  radio  “lighthouses”  or 
radiobeacons.  During  clear  weather 
these  radiobeacon  signals  were 
broadcast  every  half  hour  on  sched¬ 
uled  operation  to  permit  navigators 
to  obtain  position  fixes  frequently, 
thus  minimizing  chances  of  observa¬ 
tional  error  by  reason  of  lack  of 
practice  and  familiarity  with  radio 
direction  finders. 

Ships  operating  in  confined  waters 
inshore,  and  particularly  those  at¬ 
tempting  in  abnormal  weather  to  lo¬ 
cate  the  entrances  to  narrow  chan¬ 
nels,  could  theoretically  use  their 
radio  direction-finders  in  this  same 
manner.  Location  of  position  by  the 
intersecting  line  method  is,  however, 
often  too  slow  where  distances  to  be 
sailed  are  short  and  land  is  near  at 
hand,  or  in  restricted  channels.  Ob¬ 
viously,  the  inshore  piloting  problem 
would  be  very  much  simplified  if  ra¬ 
diobeacon  transmitters  could  be  in¬ 
stalled  in  buoys  anchored  at  or  near 
channel  entrances.  Ships  equipped 
with  direction-finders  might  then 
tune  in  such  radiobeacon  buoys  and 
use  the  signals  emanating  from  them 
to  “home”  on,  riding  down  the  radio 
waves  to  their  source,  using  caution 
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to  set  course  to  pass  safely  clear  of 
the  buoys  and  avoid  collision  with 
them. 

This  is  precisely  what  was  planned 
just  before  the  war.  The  type  TB-113 
buoy  radiobeacon  units  described 
here  were  designed  by  Coast  Guard 
radio  engineers,  developed  by  the 
U.  S.  Coast  Guard  Radio  Laboratory, 
built  by  the  Transmitter  Equipment 
Mfg.  Co.,  Inc.,  of  New  York  and 
Erco  Radio  Laboratories,  Inc.,  of 
Hempstead,  N.  Y.,  and  installed  in 


buoys  marking  the  entrances  to  har¬ 
bors. 

Gencrql  Description 

The  radiobeacon  signalling  equip¬ 
ment  for  one  buoy  consists  of  the 
following  interconnected  units: 

(1)  A  14  V  bank  of  low-discharge 
type  storage  batteries  supplying  all 
necessary  operating  power  and  cap¬ 
able  of  running  the  apparatus  for 
three  to  four  months  without  removal 
for  recharging.  Radio  equipment 


battery  drain,  exclusive  of  power  re¬ 
quired  for  the  operation  of  the  buoy 
light  and  of  a  “flasher”  or  automatic 
switching  and  keying  device,  is  nom¬ 
inally  six  amps  while  keying.  The 
overall  power  drain  is  about  900  amp- 
hours  per  month. 

(2)  A  “flasher”  mechanism  con¬ 
sisting  of  motor-driven  cams,  con¬ 
nected  in  series  with  the  storage-bat¬ 
tery-bank  positive  output  leads  and 
performing  two  distinctly  separate 
functions,  namely  (a)  the  keying  of 
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Schematic  of  the  "twin" 
transmitter  and.  at  the  up¬ 
per  right,  of  the  common 
antenna  tuning  unit.  High 
▼oltage  Vibrapacks  are 
diagrammed  in  simplified 
form  at  the  bottom,  with 
modulator  circuits  appear¬ 
ing  immediately  above 
ond  oscillotor  •  amplifier 
circuits  at  the  top.  Power 
required  to  operate  the 
equipment  alternately 
switched  from  transmitter 
to  transmitter  by  a  motor- 
driven  cam  mechanism 
not  shown  here,  is  con¬ 
nected  to  the  receptacle 
at  the  upper  left.  In  the 
design  diagrammed  mo¬ 
tor-driven  cams  also 
keyed  the  transmitters, 
simultaneously  interrupt¬ 
ing  both  filament  and 
plate  voltages.  Recently 
modified  units  key  by 
means  of  cam-operated 
relays  in  Vibrapack  posi¬ 
tive  leads.  Filament  volt¬ 
ages  are  not  interrupted 
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each  transmitter,  automatically  and 
alternately  at  intervals,  and  (6)  the 
control  of  the  buoy  light  character¬ 
istic.  Automatic  keying  of  the  trans¬ 
mitters  is  accomplished  as  follows: 

When  a  flasher  cam  closes  the  circuit 
to  one  of  the  transmitters  this  sets 
up  the  proper  relay  sequence,  lights 
the  tubes  and  closes  all  circuits  for 
keying  in  the  positive  lead  of  the 
Vibrapacks.  This  operation  is  re¬ 
peated  alternately  for  each  trans¬ 
mitter.  A  normal  schedule  consists 
of  groups  of  quarter-second  dashes 
for  seven  or  more  seconds,  followed 
by  a  silent  period  of  about  the  same 
length  of  time.  The  tube  filaments 
are  heated  continuously  during  the 
keying  period.  Use  of  transmitting 
tubes  having  directly-heated  cath¬ 
odes  with  suitable  thermal  charac¬ 
teristics,  and  cold-cathode  high  vol¬ 
tage  pack  rectifier  tubes,  aided  de¬ 
sign. 

(3)  The  TB-118  transmitter  unit 

proper  consists  of  two  identical 
transmitters.  Each  transmitter  is 
complete  in  itself,  comprising  high- 
voltage  power  packs,  audio  tone-gen¬ 
erating  modulator,  crystal-controlled 
oscillator  and  single-ended  r-f  am¬ 
plifier — complete  except  for  the  use 
of  a  common  final  amplifier  tank  cir¬ 
cuit.  Only  one  transmitter  operates 
at  a  time,  due  to  the  functioning  of 
the  automatic  switch  gear  already 
mentioned.  Thus  failure  of  either 
transmitter  would  not  put  the  buoy  neously  eliminates  the  possibility  of  insuring  stable  operation.  Crystals 
off  the  air  and  such  failure  would  be  standing  waves  on  the  transmission  having  high  activity  are  used, 
apparent  when  listening  only  if  it  line  by  terminating  the  line  in  a  The  plate  circuit  of  the  oscillator 
was  noted  that  there  were  longer-  value  equivalent  to  its  own  surge  is  capacitively  tuned  and  coupled  by 
than-normal  periods  of  silence  be-  impedance.  means  of  a  fixed  capacitor  to  the 

tween  transmissions.  This  is  true  (5)  The  antenna  itself,  consisting  grid  of  the  other  triode  within  the 
since  both  transmitters  are  tuned  to  of  a  15  ft.  monel-metal  tripod  same  RK59  envelope.  This  triode  op- 
the  same  frequency  somewhere  be-  mounted  on  ceramic  bowl  type  insul-  erates  as  a  class-C  r-f  amplifier, 
tween  286  and  315  kc,  use  class  A2  ators  forming  the  top  of  the  antenna  The  class-C  r-f  amplifier  uses  a 
emission  having  a  1000  cps  modula-  coupling  unit.  combination  of  grid  leak  and  fixed 

bias,  the  latter  being  obtained  from 
a  power  supply  bleeder  resistor  tap. 
power  is  picked  up  by  a  coil  mounted  Except  for  the  use  of  a  common  The  plate  is  shunt-fed.  The  stage  is 
in  fixed  inductive  relationship  to  the  final  r-f  amplifier  tank  circuit  which  plate-circuit  neutralized.  At  the  low 
final  amplifier  tank  coil  and  fed  into  facilitates  their  operation  into  one  operating  frequency  involved  no  com- 
a  25  ft.  length  of  coaxial  transmis-  antenna,  both  transmitters  within  a  plications  developed  with  respect  to 
sion  line  having  a  characteristic  single  buoy  radiobeacon  unit  are  either  neutralization  or  final  ampli- 
surge  impedance  of  73.6  ohms.  identical  and  are  mounted  on  the  fier  tuning  despite  the  use  of  a  com- 

(4)  The  MR-118  antenna  coupling  same  chassis.  A  description  of  one  mon  tank  circuit  for  two  final  ampli- 

imit  consists  of  a  combination  transmitter  therefore  suffices  for  fiers  and  the  resulting  equivalent 
impedance-matching  transformer  and  both.  connection  of  operative  and  non-op- 

antenna  base-loading  coil.  When  In  the  r-f  section,  one  triode  of  a  erative  tube  output  circuits  in  par- 
properly  adjusted  by  means  of  a  type  RK59  twin-triode  tube  serves  allel. 

variable  capacitor  included  in  the  as-  as  a  shunt-fed  crystal-controlled  os-  It  should  be  noted  that  no  metallic 
sembly  (as  indicated  by  maximum  cillator.  Oscillator  bias  is  a  combina-  connection  exists  between  d-c  plate 
reading  on  a  0-1  amp  r-f  ammeter,  tion  of  voltage  obtained  from  a  grid  and  grid  circuits  and  the  transmitter 
also  included),  this  unit  tunes  the  leak  and  voltage  obtained  from  a  frame,  capacitive  r-f  grounding  be- 
antenna  to  resonance  and  simulta-  power-supply  bleeder-resistor  tap,  ing  used  throughout.  The  outer  con- 


Op*n  and  sealed  views  of  the  twin  transmitter,  less  antenna  tuning  unit,  batteries  and 
automatic  switching  and  keying  mechanism.  Note  rue  of  vibration  mountings  to  '’float" 
the  apparatus  within  its  protective  con.  Adjustments  are  made  before  the  equipment  is 
sealed  and  stowed  away.  The  special  circuit<inalyser  shown  connected  and  ready  for 
use  in  the  open  view  was  supplied  as  on  accessory 
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ductor  of  the  r-f  transmission  line 
between  transmitters  and  antenna 
coupling  unit  is,  on  the  other  hand, 
directly  grounded  to  the  transmitter 
frame. 

The  class-C  r-f  amplifier  is  plate- 
circuit  modulated.  The  modulator 
consists  of  another  RK59  tube  with 
its  plates  and  grids  connected  in 
parallel  and  operating  as  a  single 
triode.  Special  air-core  coils  con¬ 
nected  in  this  circuit  introduce  feed¬ 
back,  causing  the  modulator  stage 
to  oscillate  and  generate  a  1000  cps 
audio  tone.  Thus  one  tube  serves  as 
a  combination  modulator  and  audio 
tone  generator. 

High  voltage  d-c  required  for  os¬ 
cillator,  r-f  amplifier  and  modulator 
plates  and  grids  is  supplied  by  two 
Vibrapacks  connected  in  parallel. 
Each  of  these  uses  a  type  BH  full- 
wave  cold-cathode  gaseous  rectifier 
tube. 

The  entire  transmitter  unit  uses  a 
total  of  eight  tubes,  four  in  each 
transmitter. 


Operating  Doto 

The  buoy  radiobeacon  transmitter 
I  units  were  tuned  ashore,  placed  in 
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Antenna  coupling  unit,  with  gaskettod  in¬ 
spection-port  coTor  romoTod.  This  part  of 
the  gear  is  conTeniantly  adjusted  while 
the  buoy  radiobeacon  is  on  station 


etallic 
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Top  view  of  r-i  chassis.  Tuning  capacitors 
are  wrench-adjusted  and  locked.  Crystals 
and  tubes  are  clomped  in  their  sockets, 
tabelled  jacks  at  top  emd  bottom  edges 
permit  the  two  separate  oscillator-ampli¬ 
fiers  to  be  independently  metered.  Note 
careful  labelling  of  parts  to  facilitate 
maintenance 
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their  protective  cans  and  later  low-  for  example,  a  man  "marooned”  on 
ered  into  buoy  pockets;  Tuning  ad-  a  buoy  would  make  such  adjustments 
justments  made  with  protective  cans  while  the  cutter  conveying  him  to  the 
removed  were  not  appreciably  af-  station  stood  off  100  ft.  or  more.  Per¬ 
fected  by  installation  of  the  units  in  formance  of  the  equipment  modulat- 
the  cans  and  installation  of  the  cans  ors  was  in  this  case  noted  aboard 
within  buoys.  Typical  operating  con-  the  distant  cutter  by  listening  in  on 
ditions,  with  a  14.2  volt  primary  bat-  a  suitable  receiver, 
tery  supply,  were  as  follows :  Where  r-f  transmission  line  per¬ 

formance  checks  seemed  desirable 
286  ke  314  he  this  was  donc  in  the  shop  ashore  by 
2i!o  ml  liio  ml  Connecting  a  0-1  r-f  ammeter  tem- 
43.0  m.  44.0  m.  PoraHly  in  series  with  one  leg  of  the 
line.  Normal  readings,  with  the  an- 
All  of  these  readings  were  con-  tenna  connected  and  tuned  to  reso- 
veniently  taken  by  inserting  the  con-  nance,  were  320  ma  at  286  kc  and 
nector-cable  plug  of  a  special  test-  300  ma  at  314  kc. 
analyzer  accessory  containing  four  Overall  outside  dimensions  of  the 
panel  instruments  into  closed-circuit  type  TB-113  buoy  radiobeacon  trans¬ 
jacks  provided  in  the  transmitter  mitter  unit  are:  23  inches  in  diam- 
unit  for  this  purpose.  eter  and  36  inches  high  to  the  top 

Antenna  tank  circuit  r-f  currents  of  the  r-f  transmission  line  and  bat- 
normally  measured  450  ma  at  286  kc  tery  power  connector  plugs.  The  total 
and  445  ma  at  314  kc,  with  the  an-  weight  of  the  transmitter  unit,  in 
tenna  connected  and  tuned  to  reso-  its  protective  can,  is  257  lbs.  The 
nance,  as  indicated  by  the  0-1  r-f  am-  transmitter  unit  chassis  alone,  with- 
meter  permanently  included  in  the  out  the  protective  can,  weighs  132 
antenna  coupling  unit.  Antenna  tank  lbs. 

r-f  current  readings,  unlike  trans-  Laboratory  investigation  is  now 
mitter  unit  readings  given  in  tabular  under  way  to  improve  certain  fea- 
form  above,  could  be  taken  either  in  tures  of  the  buoy  radiobeacon  equip- 
the  shop  or  while  the  buoys  were  on  ment,  based  on  experience  gained 
station.  Antenna  tuning  adjust-  thus  far.  It  is  intended  to  improve 
ments  were,  however,  invariably  the  present  5  to  8  mile  effective  range 
made  with  the  antenna  itself  “out  in  by  the  use  of  a  longer  antenna.  Two 
the  clear”  and  with  no  metal  objects  experimental  antennas  25  ft.  long 
other  than  the  buoy  itself  in  the  im-  have  been  prepared  and  are  now 
mediate  field.  When  tuned  on  station,  awaiting  test. — W.  MacD. 
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Crjrd.  0*c.  frkl  current 
Cryel.  Oic.  plate  current 
R-F  Amp.  grid  current  (no  load) 
R-F  Amp.  grid  current  (leaded) 


Transmission  Line  Charts 


Graphs  enable  simple  computation  of  voltage,  current,  and  impedance  distribution  for  anv 
point  on  a  long  transmission  line,  and  for  any  termination  producing  standing  wa\es 


FIG-  1 — This  chart  snables  translsrring  tan^snt  of  complox  quantity  from  roctanquiar  to  polar  form  and  Tic®  Torso 


j-5  TW0  charts  are  given  for  a  quick 
determination  of  the  value  of  sin 
Z  and  tan  Z  where  Z  is  a  complex 
number.  The  same  charts  can  be 
used  for  the  valuation  of  other  trig¬ 
onometric  or  hjrperbolic  functions. 
The  charts  are  useful  in  determin¬ 
ing  the  voltage,  current  and  imped¬ 
ance  distributions  on  electric  lines 
of  any  load  with  the  exception  of  that 
equal  to  the  characteristic  impedance 
of  the  line. 

The  equations  of  electric  lines  rep¬ 
resent  current,  voltage,  and  imped¬ 
ance  at  any  point  on  an  electric  line 
by  means  of  trigonometric  or  hyper¬ 
bolic  functions  of  a  complex  number 
Y.  called  the  propagation  constant. 
The  propagation  constant  is  given  by 
Y  =  a  -f-  where  *  is  the  attenu¬ 
ation  constant  and  3  is  the  wave- 


By  R.  F.  BAUM 

Inihintrial  Jiintrymentii 
Jersey  City,  N.  J. 

length  constant.  It  is  desirable  to 
have  a  clear  picture  of  the  values 
these  functions  can  possibly  take  and 
to  have  at  hand  charts  to  avoid  com¬ 
plicated  numerical  computations. 

There  is  a  close  relationship  be¬ 
tween  the  trigonometric  and  hyper¬ 
bolic  functions 

sin  jZ  *=  y  sinh  Z  or  sinh  jZ  =  j  sin  Z  (1) 

cos  jZ  =  cosh  Z  or  cosh  jZ  =  cos  Z  (2) 

tan  jZ  j  tanh  Z  or  tanh  jZ  =  j  tan  Z  (3) 

These  formulas  enable  us  to  trans¬ 
form  any  hyperbolic  functions  into 
trigonometric  functions.  Further¬ 
more, 

cos  Z  =  sin  (Z  -|-  J  t) 
cot  Z  =  1  tan  Z 


reducing  the  number  of  necessary 
charts  for  all  trigonometric  and  hy¬ 
perbolic  functions  of  a  complex  vari¬ 
able,  Z,  to  two.  In  this  paper  a  chart 
of  sin  Z  and  tan  Z  are  given. 

If  Z  is  a  complex  number,  Z  =  n  -i- 
jb,  then  sin  Z  and  tan  Z  are  also  com¬ 
plex  numbers,  and  may  be  repre¬ 
sented  by  their  absolute  magnitudes, 
S  and  T,  respectively,  and  their 
phase  angles,  «t  and  t,  respectively. 
Thus, 

sin  (o  -|-  jh)  =  .S 

tan  (o  -t-  jb)  =  T  t”' 

In  the  coordinate  system  used  on  the 
attached  charts,  the  point  Z  is  found 
by  going  a  distance  a  from  the  origin 
in  the  direction  of  the  horizontal 
(real)  x-axis  and  then  a  distance  h 
in  the  direction  of  the  vertical 
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CHART  II— Sin  (a  [  ib)- 
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IG.  2  Graphical  chart  for  transiorming  sine  of  complex  quantity  from  rectangular  to 


polar  lorm  and  vice  versa 
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(imaginary)  y-axis.  The  values  of 
S  and  9  or  T  and  t  respectively  can  be 
taken  immediately  or  after  interpo¬ 
lation  between  adjacent  values.  Both 
coordinates  are  counted  in  degrees 
(90  deg.  =  i  «  radians). 

If  a  voltage  is  applied  to  a  line  of 
length,  I,  then  the  voltage,  V„  the 
current  I,  and  the  impedance  Z,  at  a 
point  a  distance  y  from  the  load  end 
of  the  line  is  given  by 

F.  -  C.  Bin  (Z  +  y'y  +  h  x)  (4) 

/,  -  Cl  sin  (Z  +  y'y)  (5) 

Z,  -  r.//,  -  C,  tan  (Z+y'y+hr)  (6) 

where 

Ct,  C,  and  C,  are  complex  constants, 

Zi  is  the  load  impedance 
Z.  is  the  characteristic  impedance  ot  the  line, 
•y  =  o  j/3  where  a  is  the  attenuation  con¬ 
stant  and  is  the  phase  constant 
y'-jy  -  -  ^  -H  ja,  and 
Z  is  determined  by  tan  Z  =  j  Z.  'Z  i  or 

Z  =  tan-»iZ.;Zi  (7) 


FIG.  3 — Lines  L  and  L',  constructed  as  in¬ 
dicated  in  text,  enable  determination  of 
voltage,  current  and  impedance  for  any 
position  on  the  line 


In  general,  Z  and  y'  are  complex 
and  we  may  therefore  use  the  charts. 

The  expression  {Z  +  y'y)  appear¬ 
ing  on  the  right  side  of  Eq.  (5) 
represents  a  straight  line,  L,  in 
our  coordinate  system  originat¬ 
ing  at  point  Z  (in  Fig.  3)  where  y 
=  0  (load  end)  and  extending  up  to 
point  X  where  y  =  I  (feeder  end  of 
the  line). 

As  y'  =  —  3  +  /ot  the  line  (Z  +  y'y) 
points  to  the  left  at  an  angle  of  in¬ 
clination,  8  =  tan’^  a/3.  A  half  wave 
on  the  line  is  given  by  3y  =  «  which 
means  that  the  projection  of  the  line 
X—Z  upon  the  axis  is  tt  for  a  half 
wavelength  line.  A  longer  (or 
shorter)  line  will  have  a  proportion¬ 
ally  longer  (or  shorter)  projection, 
and  any  point  between  feeder  and 
load  end  of  the  electric  line  can  eas¬ 
ily  be  identified  on  the  straight  line, 
L  by  dividing  its  length  proportion¬ 
ally. 

The  expression  (Z+y'y+i-K)  in 
Eqs.  (4)  and  (6)  represents  a 
straight  line,  L',  parallel  to  line  L 
and  originating  in  point  Z'  =  Z  +  h  t: 


which  lies  90  deg.  or  i  n  radians  to 
the  right  of  point  Z,  in  Fig.  3.  ' 

The  first  step  in  the  application 
will  be  to  find  the  point  Z  by  means 
of  Eq.  (7).  The  position  of  this 
point  depends  only  upon  the  load  Z, 
or  more  exactly  upon  the  ratio  of  the 
characteristic  impedance  to  the  load : 

UnZ  -jZ./Zi  - 

Chart  I  gives  Z  immediately  for 
any  value  of  T  and  t. 

In  Charts  I  and  II  draw  the  lines  L 
and  L'.  According  to  Eqs.  (4),  (5), 
and  (6).  They  furnish  current,  vol¬ 
tage,  and  impedance  distribution 
along  the  line. 

The  constant  C,  is  easy  to  find 
from  Chart  II. 

C,  =  r./(co8(Z-|-7'I)l 
Then  Ci^C./jZ. 

C.  =  -jZ. 

where  V,  is  the  voltage  applied  to 
the  line. 

The  location  of  point  Z  for  differ¬ 
ent  loads,  Z,  and  for  characteristic 
impedance,  Z«,  a  pure  resistance  is 
shown  in  Fig.  4. 

Examples  indicating  the  use  of 
these  charts  will  help  indicate  their 
application. 

Example  1.  To  calculate  the  value 
of  sin  (2.3-fjl.5)  where  the  values 
are  given  in  radians,  it  is  first  neces¬ 
sary  to  convert  radians  to  degrees. 
Thus, 

sin  (2.3  -f  i  1.6)  =  sin  (132°  4- j86°) 
Enter  Chart  II  132  deg.  to  the  right 
of  the  origin,  and  project  up  86  deg., 
and  find  a  point  between  lines  S  =  2 
and  =  3  and  between  lines  a  =  — 45 
deg.  =  315  deg.  and  <t  =  —  30  deg. 
=  330  deg.  Interpolating  gives  this 
point  as  S  =  2.3  and  a  =  320  deg. 
and  hence 

sin  (2.3  -hi  1.5)  =  2.3  /320° 

Example  2.  Find  tan  (2.3  +  j  1.5) 
=  tan  (132°  -f  j  86°).  Entering 
Chart  I  at  a  point  132  deg.  to 
right  of  origin  and  86  deg.  upward, 
it  is  found  by  interpolation  that  T  = 
1.05  and  t  =  100  deg.  Therefore 

tan  (2.3  -I- j  1.5)  =  1.05  /100° 

An  exact  calculation,  which  is  quite 
laborious,  given  1.06/96°,  illustrat¬ 
ing  that  the  error  is  no  more  than 
may  be  expected  from  any  graphical 
computation. 

Example  3.  A  cable  75  meters 
long  is  fed  with  10  volts  applied  at 
1.5  Me.  The  characteristic  imped¬ 
ance  is  Z,  =  75  ohms.  The  attenua¬ 
tion  and  phase  constants  per  100 


meters  of  line  are,  a  =  0.013  and  3  = 
3.5  so  that  al  =  0.013  x  0.76  =  O.OOt'8 
radian  or  0.6  deg.  while  31  =  3.5  x 
0.75  =  2.63  radians  or  151  deg.  Tiie 
load  is  given  as  Z  =  iJ  -f  jwL  =  r)6 
+  y  126  =  136.5/66°.  From  this 
data  we  find  that 

tan  Z  -  i  Z./Zi  -  j  76/  (136.5  /66°) 

-  0.65^-  T^r 

Now,  looking  up  in  the  Chart  I 
the  intersections  T  =  0.66  and  r  = 
24  deg.  we  find  Z  =  28  -f  ;  10  deg. 
The  point  X  is  given  by: 

X  ~Z  +  y'l-Z+jal-~  fit) 

-  28 -Hi  10  -  161  -HiO.6 

-  -  123 -fi  10.6  deg. 

A  line  connecting  X  with  Z  gives  the 
current  distribution  on  Chart  II.  A 
parallel  line  displaced  90  deg.  to  the 
right  gives  the  voltage  and  imped¬ 
ance  distribution.  This  line  connects 
the  point  X'  =  — 33  -f  j  10.6  with  Z' 
=  118  -H  y  10.  These  lines  are  substan¬ 
tially  horizontal  at  the  inclination, 
8  =  tan'^  a/3  is  only  0.004. 

Point  X'  in  Chart  II  reads  S  =  0.58 
and  a  =  165  deg.  corresponding  to  an 
input  voltage  V,  =  10/0°  volts. 

Therefore, 

C.  =  V./(SM  -  10/(0.58  /165°) 

«=  17.25  /  -  165° 

Point  Z  in  Chart  II  reads  S  =  0.95, 
and  (T  =  —  3  deg.  and  therefore  the 
output  voltage  is 
Vi  =  C.S  /_a 

=  1(17.25)  /-165°11(0.95)  /-3°1 
=  16.4  /-  168° 


Shorf-^d  Open  Shorted 


FIG.  4 — Diagram  Bhowing  reactancs  oi 
line  for  various  loads  and  for  line  whott 
characteristic  is  a  pure  resistance 

Going  along  the  line  X'Z'  the  point 
of  minimum  voltage  is  obtained  at 
0  -H  y  10  with  S  =  0.17  and  o  =  90 
and  the  point  of  maximum  voltage  at 
the  point  90  -H  j  10,  with  S  =  0.99 
and  <1  =  0.  Therefore 

V^in  =  0.17  X  17.25  /90°  -  165° 

=  2.95 /-  75°  volts 
=  0.99  X  17.25  /0°-165° 

=  17  /  — 165°  volts 
{Continued  on  page  168) 
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Inspection 


Fluorescent 
of  Tungsten 


Minute  longitudinal  cracks  in  tungsten  leads  passing 
through  glass  are  a  major  cause  of  gassy  electronic 
tubes.  A  fluorescent  penetrant  method  applicable  to 
large  quantities  of  tungsten  parts  is  described.  It 
makes  cracks  glow  under  ultraviolet  illumination 

By  S.  ANDREW  KULIN 

MettUnrgut,  Ptwgr  Tubg 
Hmgtbron  Mfg.  C».,  tVallbnm,  Mut 


FIG.  1 — Typical  tungaten  leads  photo¬ 
graphed  under  while  light.  These  leads 
ore  lor  glass  enrelopes  oi  power  tubes 


A  LARGE  percentage  of  unex¬ 
plained  leaks  in  vacuum  tubes 
have  undoubtedly  been  caused  by  lon¬ 
gitudinal  cracks  in  tungsten  leads 
sealed  into  the  glass  envelopes.  Many 
of  these  cracks  can  be  detected  by 
visual  inspection  with  binocular 
microscopes,  but  this  method  is 
tedious  and  is  quite  slow  iSince  the 
field  of  vision  is  small.  Furthermore, 
microscopic  inspection  does  not  per¬ 
mit  differentiation  between  cracks 
and  harmless  scratches. 

The  fluorescent  penetrant  method 
of  inspection  known  commercially 
as  “Zyglo*”  has  been  successfully 
applied  to  the  problem  of  inspecting 
large  quantities  of  tungsten  leads. 
The  tungsten  to  be  inspected  may  be 
in  either  ground  or  ground  and 
etched  condition,  may  vary  over  a 
wide  range  of  lengths  and  diameters, 
and  may  be  plain  tungsten,  tungsten 
welded  to  nickel  and  stranded  copper 
or  tungsten  welded  directly  to 
stranded  copper. 

In  the  new  method,  the  tungsten 
parts  are  first  cleaned  to  remove  oil 
and  grease  which  might  cover  sur¬ 
face  discontinuities  and  prevent  the 
penetrant  from  entering  small  crev¬ 
ices.  The  cleaned  parts,  in  fine  mesh 
baskets,  are  then  immersed  in  the 
special  fluorescent  penetrant.  The 
parts  are  allowed  to  stand  for  two 
hours  or  more,  during  which  time 
‘  the  low-viscosity  water-emulsifiable 
penetrating  oil  flows  by  capillary 
action  into  all  cracks  and  pores  and 
surplus  oil  drips  into  a  recovery  pan. 

•  .Xvailablp  through  the  MuKiiafliix  Corp.. 
;  a  pateiie«l  method. 


When  tungsten  rods  are  welded  to 
stranded  wire,  the  parts  are  bundled 
together  in  such  a  way  that  only  the 
tungsten  is  immersed.  Immersion 
of  stranded  wire  would  present  a  dif¬ 
ficult  cleaning  problem. 

The  next  step  is  washing  with  a 
spray  of  warm  water  (120  to  140 
deg.  F)  under  ultraviolet  light  so 
the  operator  can  see  when  excess 
penetrant  on  the  surface  has  been 
removed.  The  parts  are  agitated 
during  washing.  A  higher  water 
temperature  is  to  be  avoided  because 
it  would  remove  the  penetrant  from 
the  shallower  surface  cracks. 

After  all  penetrant  except  that 
in  the  cracks  has  been  washed  off, 
the  parts  are  dried  in  a  recirculating 
air  drier  in  which  the  temperature  is 
carefully  controlled.  Excess  heat  here 
would  allow  the  penetrant  to  escape 
from  the  cracks  in  the  tungsten,  and 
flaw  indications  would  lose  their 
sharpness  or  disappear. 

The  thoroughly  dried  tungsten 
rods  are  arranged  in  tiers  and  com¬ 
pletely  covered  with  an  absorbent 
yellow  powder  for  one  hour.  This 
powder  draws  the  penetrating  oil 
out  of  the  cracks  and  spreads  it  out 
from  the  cracks  to  give  magnifica¬ 
tion  of  the  defects.  The  fluorescent 
indication  will  be  proportionately 
wider  than  the  actual  defect. 

Surplus  powder  is  removed  by 
shaking,  sifting  or  compressed  air, 
and  the  rods  are  inspected  under  ul¬ 
traviolet  light  (approximately  3600 
Angstroms).  The  defective  parts  in 
Fig.  1  would  appear  as  in  Fig.  2 
(Continued  on  page  160) 
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V-H-F 

Receiver  Oscillator  Design 


Secular  stability  —  Unitary  construction  —  Choice  of  materials  —  Tuned  circuit  types  — 
Circuit  Q  —  Series  resistance  —  Voltage  stability  —  Selectivity  —  Tube  characteristi(‘s 
—  Interelectrode  variations  —  Transit  time  and  inverse  feedback  loading 


IT  IS  SAFE  to  predict  that  great  ac¬ 
tivity  in  further  opening  up  the 
frequency  range  from  50  to  250  Me 
will  be  a  feature  of  the  radio  art 
after  the  war. 

This  range  contains  20,000  of  our 
familiar  10  kc  broadcast  channels. 
If  wide-band  frequency  modulation 
is  used  there  will  be  substantially 
fewer  channels  available  but  for  a 
number  of  commercial  services  a 
swing  of  25  kc  may  be  sufficient  and 
this  still  provides  a  lot  of  channels. 

After  the  war  it  will  be  desirable 
to  have  as  many  channels  as  possible 
in  this  region.  Obviously,  many  ideas 
concerning  the  precision-tuning  of 
receivers  will  have  to  be  revised.  The 
problem  of  designing  a  dial  readily 
set  to  five  figures  by  unskilled  users 
will,  alone,  tax  our  ingenuity.  The 
apparatus  behind  the  dial  will  have 
to  perform  with  astronomical  ac¬ 
curacy. 

The  purpose  of  this  paper  is  to 
discuss  some  of  the  major  problems 
associated  with  accurate  tuning  and 
the  maintenance  of  calibration  at 
very  high  frequencies.  Since  the  cali¬ 
bration  of  receivers  of  the  super¬ 
heterodyne  type,  which  will  un¬ 
doubtedly  be  used,  largely  involves 
oscillator  design,  oscillator  circuits 
only  will  be  considered  in  the  follow¬ 
ing  discussion. 

General  Considerations 

There  is  apparently  no  royal  road 
to  stability.  Each  component  of  the 
high  frequency  oscillator  of  the  fu¬ 
ture  will  have  to  be  completely  stable, 
or  will  have  to  cooperate  with  some 
other  element  to  cancel  out  overall 
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circuit  instability.  Warm-up  drifts 
and  those  caused  by  line  voltage 
changes  will  have  to  be  held  within 
assigned  channels  and,  if  we  design 
for  mobile,  aircraft  or  equivalent  use 
then  temperature,  humidity  and  vi¬ 
bration  effects  will  have  to  be  simi¬ 
larly  limited. 

Such  rgsults  can  most  readily  be 
expected  of  simple,  rugged  and  com¬ 
pact  designs  where,  in  effect,  every 
part  “flows”  mechanically  and  elec¬ 
trically  into  another  part  and  we 
tend  to  have  a  homogenous  unit 
rather  than  an  inter-connected  ag¬ 
gregation  of  conventional  compo¬ 
nents.  It  will  be  a  mark  of  good  de¬ 
sign  to  have  some  “imaginary”  com¬ 
ponents,  i.e,,  certain  details  of  con¬ 
struction  performing  circuit  func¬ 
tions  without  the  specific  inclusion  of 


PRESENT  and  FUTURE 

THE  AUTHOR,  in  thU 
timely  paper,  sets  out  pri¬ 
marily  to  stimulate  thinking 
on  the  part  oi  engineers  con¬ 
cerning  tomorrow's  equip¬ 
ment  designed  to  operate  be¬ 
tween  50  and  250  Me 

He  includes,  however, 
considerable  data  which  not 
only  supports  his  predictions 
but  should  also  prove  im¬ 
mediately  useful  in  the  de¬ 
sign  oi  very-high-frequency 
gear  for  the  war  effort 


parts  recognizable  as  such.  Any  wir¬ 
ing  at  all  in  r-f  circuits  is  unthink¬ 
able. 

When  we  begin  to  consider  main¬ 
tained  accuracies  of  the  order  of  0.01 
percent  to  0.02  percent  we  must  place 
first  on  the  list  of  requirements  that 
of  “secular”  stability.  This  is  a 
phrase  the  writer  recently  came 
across  in  an  article  on  coils,  written 
by  a  British  engineer.  “Secular”  has 
to  do  with  the  ages,  or  long  periods 
of  time.  If  you  build  a  pyramid  well 
of  the  right  materials  and  come  back 
in  a  few  thousand  years  it  will  still 
be  the  same  old  pyramid.  The  word 
seems  to  express  our  primary  need 
better  than  the  usual  term,  “aging.” 
This  requirement  allows  us  to  con¬ 
sider  the  use  of  no  constructional 
material  subject  to  appreciable  cold- 
flow  or  change  in  cubic  volume  with 
age. 

Circuit  Resistance* 

Since  this  paper  has  to  do  with 
tunable  equipment  and  so  many  of 
the  tuning  means  we  shall  have  to 
consider  involve  sliding  or  switching 
contacts,  let  us  consider  the  order  of 
circuit  resistances  involved. 

Round  figures  for  the  Q  value.s  of 
oscillator  tuned  circuits  would  be  as 
follows:  A  two-inch  coaxial  line 
would  have  a  Q  of  about  1700. 
“Cups”,  depending  upon  size,  would 
be  about  1200.  A  parallel  line  would 
average  1000.  A  concentrated  coil, 
capacitor-tuned,  650.  A  coil  and  fixed 
ceramic  capacitor,  ready  for  inser¬ 
tion  of  a  movable  core,  700  (from 
which  must  be  subtracted  the  core- 
lo.sses,  giving  resultant  Q’s  from  28 
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ti)  400,  depending  upon  core  ma- 
Uiial)*  A  sliding-contact  coil,  300, 
!ovvered  to  some  extent  by  the  tun¬ 
ing  mechanism  contact  resistance. 

These  Q  values,  by  simple  calcula¬ 
tion,  show  an  r-f  resistance  range 
from  a  little  over  20  milliohms 
1(0.020  ohm)  to  50  milliohms.  Any 
I  external  resistance  we  place  in  series 
Aith  such  circuits  must  therefore  be 
negligible  in  relation  to  these  values. 
This  introduces  a  number  of  design 
jioblems.  For  example,  a  band- 
change  switch  that  is  consistently 
lower  than  one  milliohm  resistance  is 
a  pretty  large  object  and  if  we  use 
cnnrontrated  circuits  we  cannot 
i  cadily  use  units  of  large  dimensions. 
The  sliding-contact  to  the  rotor  of 
niost  variable  capacitors  must,  simi- 
arly,  be  viewed  with  suspicion  as 
to  its  ability  to  maintain  low  resist- 
nce  under  service  conditions. 


Q  of  Tsstd  Ciresits 

Further  speculating  regarding  fu- 
jre  design,  let  us  compare  the  Q 
values  and  dynamic  impedances  of 
wo  typical  lumped  circuits,  one  de¬ 
igned  to  operate  at  1  Me  and  the 
ther  at  150  Me. 

The  designer  is  thoroughly  at 
-■me  at  1  Me  and,  when  called  upon 
to  design  a  stable  oscillator  for  that 
lequency,  might  readily  choose  a 
ning  capacitor  value  of  300  /x/if. 
he  oscillator  tube  inter-electrode 
^■•acitance  would  be,  say,  10  fifd,  or 
nly  one-thirtieth  of  the  total.  The 
-aet-ance  of  the  selected  capacitor  is 
proximately  530  ohms  and,  when 
altiplied  by  a  Q  of  100,  gives  a 
vynamic  impedance  for  the  circuit  of 
hOOO  ohms.  This  is  indeed  a  nice 
ad  for  the  tube  to  work  into. 

To  have  the  same  capacitive  react¬ 
ance  at  150  Me,  the  tuning  capacitor 
ju!d  have  to  be  about  2  ^/if,  or  less 
"an  the  inter-electrode  capacitance 
f  an  “acorn”  type  tube.  Since  the 
ibe  would  therefore  be  virtually 
|he  whole  tuned  circuit  insofar  as 
'pacitance  is  concerned,  we  can 
aly  shudder  at  the  effects  of  any 
^triations  in  tube  characteristics. 
Bhe?.  might  include  varying  glass 
,  mica  losses,  input  resistance 
They  might  also  include  vari- 
ior-  in  electrode  geometry  with 
Ibanges  in  wattage  dissipation. 
^^cl  changes  would  be  the  very  re- 
r?'  of  secular  stability. 

Now,  suppose  we  try  to  “swamp” 
l&e  tube  capacity  by  increasing  the 
Kming  capacitor  size  thirty  times, 
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FIG.  1 — Resonance  curre  of  typical  T-h-f 
receirer  circuit  haring  a  Q  of  100.  show¬ 
ing  relatirely  poor  ireguency  descrimina- 
tion.  Note  thot  the  curre  is  nearly  flat 
insofar  os  10-kc  selectirity  is  concerned 
eren  at  the  peak  and  that  acceptance  is 
175  Kc  wide  only  one  percent  down 


FIG.  2 — Curres  showing  striking-roltoge 
characteristics  of  two  oscillators,  one 
(A)  haring  a  15  MMf  tuning  capacitor  and 
the  other  (B)  a  60-MMf  tuning  capacitor. 
The  oscillator  of  curre  A  starts  at  8  rolts 
and  will  obriously  be  much  more  stable 
with  changes  in  plate  roltage  <zbore  100 
rolts 


FIG.  3 — Voltage  stability  curre  of  a 
typical  oscillator.  Note  thot  maximum 
stability  occurred  with  the  tuning  capoci- 
tor  around  mid-range.  At  capacity  set¬ 
tings  under  25  MMf  the  tube  constituted  an 
appreciable  part  of  the  circuit  capacity 
and  so  tube  rariations  reduced  stability. 
At  copacity  settings  orer  25  tifii  dynomic 
impedance  of  the  circuit  was  lowered  suf¬ 
ficiently  to  cause  o  poor  match  between 
tube  and  load,  again  reducing  stability 


as  we  can  so  readily  do  at  1  Me.  The 
resultant  capacitance  would  be  60 
/x/if,  with  a  reactance  of  only  18  ohms 
at  150  Me.  It  would  take  a  Q  of 
about  3,000  to  produce  a  dynamic  im¬ 
pedance  equal  to  the  53,000  ohms  we 
obtained  with  the  low  coil  Q  value 
of  100  at  1  Me. 

To  further  complicate  matters  at 
high  frequencies,  the  tube  is  apt  to 
be  working  under  difficulties  due  to 
transit-time  loading  and  inverse- 
feedback  loading  caused  by  the  in¬ 
ductance  of  the  cathode  lead. 

Tsb*  Charaetaristies 

The  importance  of  Q  in  maintain¬ 
ing  oscillator  frequency  despite 
change  in  supply  voltages  is  gener¬ 
ally  appreciated.  There  are,  how¬ 
ever,  several  separate  effects  in¬ 
volved  and  all  of  them  must  be  con¬ 
sidered  at  very  high  frequencies. 

One  effect  is  the  change  in  tube 
element  dimensions  and  the  physical 
relationships  between  elements  with 
changes  in  wattage  dissipation.  Such 
changes  occur  when  the  heater  and 
plate  voltages  are,  for  any  reason, 
altered.  This  results  in  changes  in 
inter-electrode  capacity. 

Another  consideration  is  the 
change  in  tube  impedance  and  the 
change  in  phase-angle  due  to  varying 
electron  transit-time  as  heater  and 
plate  voltage  vary. 

-  There  is  also  a  change  in  re¬ 
flected  impedance  when  the  G»  of 
the  tube  is  changed.  This  oc¬ 
curs,  for  example,  where  a  tickler 
coil  having  large  leakage-inductance 
is  used.  Tube  charging-current  pass¬ 
ing  through  such  a  tickler  is  phased, 
amplified  by  the  tube  and  reintro¬ 
duced  into  the  tank  circuit,  where  it 
appears  as  a  reactance.  The  amount 
of  reactance  generated  in  the  tank 
circuit  is  proportional  to  the  amplifi¬ 
cation  of  the  tube.  This  effect  is  al¬ 
ways  troublesome  and  can  best  be 
avoided  by  designing  the  circuit  so 
that  the  tube  generates  no  phase- 
angle,  which  almost  entirely  pre¬ 
cludes  the  use  of  a  tickler-type 
oscillator. 


Resonance  Cnrvet 

Still  another  problem  is  involved. 

We  usually  think  of  the  peak  of  a 
resonance  curve  as  being  the  point 
of  highest  circuit  impedance,  and 
zero  phase-angle.  Consequently,  the 
critical  frequency  of  oscillation  is 
normally  defined  by  the  peak.  But, 
(Continued  on  page  206) 
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TIPS 

FOR  TEACHERS 


nuiucaiT 
Hanbv  flHyirmni 


Why  would  you  say  this  is  the 

best  way,  Mr.  Jones?" 

■  •  ♦  -  '  " 

Explain  again  the  steps  leading 

to  this  operation,  Mr.  Smith." 

. . . .  * « •  "■■■■  .11  . . . 

Are  there  any  questions 
about  this?" 


The  instructor  gets  participation  from  the  class, 


MOVIES  and  SLIDEFILMS  Speed  W 


By  LYNE  S.  METCALFE 


An  analysis  of  sound  movies  and  slidefilms 
available  to  engineers  newly  confronted 
with  the  problem  of  teaching  electronic 
manufacturing  techniques  to  war  workers. 
Some  films  show  how  to  teach  effectively, 
while  others  supplement  standard  instruc¬ 
tion  methods 


Title  elide  for  elideHlms 
prepared  for  U.  S.  Nary 


technique  to  these  groups,  the  pic¬ 
ture  screen,  already  a  powerful 
force  in  the  war  production  training 
program,  has  been  tried  out  with 
considerable  success.  Motion  picture 
films  and  slidefilms  show  the  instruct¬ 
ors  how  to  teach  what  they  know— 
by  grounding  them  in  the  basic 
principles  of  educational  techniques, 
This  program  is  particularly  aimed 
at  the  skilled  mechanic  or  workman, 
fully  competent  in  his  specialization, 
but  too  often  without  experience  or 
knowledge  in  how  best  to  pass  it 
along  to  others. 

One  recent  film  designed  to  help 
the  experienced  worker  break  in  a 
new  worker  is  titled  “Passing  the 
Know-How  Along.”  It  is  a  IG-rnm 
sound  motion  picture  approximately 
15  minutes  long,  based  upon  mate¬ 
rial  in  Bulletin  2-C  of  the  Training- 
Within-Industry  Section  of  ti 
WPB.  This  motion  picture  demon¬ 
strates  seven  tested  and  logical 
that  help  in  passing  along  how-: 
;han  rou-  In  an  industrial  training  class  do-it  information  in  terms  so  simi 

ecessary.  which  includes  a  large  percentage  of  that  anyone  may  improve  his  or  he' 
the  fields  untrained  or  partly  trained  begin-  performance  after  seeing  it.  It  <i; 
iS,  where  ners,  the  technique  or  quality  of  the  plies  to  any  kind  of  manufactui  I: 
k^es  com-  instruction  has  a  great  deal  to  do  because  it  deals  with  basic  pi 
)rmation.  with  the  speed  and  effectiveness  cedures  and  with  the  psychology 

3try  pro-  with  which  the  classes  are  conducted  the  process  of  transmitting  inforn  . 
anded  by  and  the  facility  with  which  appren-  tion  at  the  workbench, 
the  war  tices  are  moved  into  actual  work  at  Another  16-mm  sound  motion  ph 
n  a  defi-  the  bench  or  machine.  ture  is  titled  “Giving  a  Shop  D<  “  - 

ny.  As  a  stration.”  It  is  a  two-reel  sub  > 

mes  new  Movies  Teach  Engineers  to  Teach  ^  screen  time  of  about  20 

aersonnel  To  supply  a  measure  of  teaching  utes.  The  objective  of  this  picture  ' 


[and  pn 

Uviatic 
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Scene  from  'Tips  on  Slidefilms",  which  shows  instructors  how 
to  use  visual  teaching  aids  with  maximum  effectiveness 


ELECTROMi 


Wartime  Training  of  Technicians 


for  oA«  thing,  it  k«lp«  you  hol<j  tko  intocwt  of  tko  , 
cUtft.  ACTION  h  an  attantion-koUling  alamant  of  I 
skowmanakip,  and  MOVEMENT  b  a  nacaaaary  part 
of  work  at  tka  blackboard. 


—  tkay  aaa  tka  ralation  of  aack  part  to  tka  otkara, 
and  tkay  undantand  it  mora  claarly  and  ratain  it 
longar.  Pkturaa  kalp  akortan  tka  laaming  procaaa. 


Sc*nM  from  "Tipi  for  Toachori",  o  Tiiual  troiiiing  kit  for  enginoon  who  ore  training  war  workori.  It 
coniiili  of  nine  ilidofilmi  and  a  lorioi  of  33  rpm  phonograph  rocordi  containing  accompanying  lound 
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to  show  the  best  basic  procedures  in 
demonstrating  a  shop  job  by  actual 
’ .  fi.re-the-eye  demonstration.  The 
material  covers  the  shop  demonstra¬ 
tion  by  the  instructor  which  must 
lirecede  practical  work  on  the  part  of 
he  class.  This  picture  was  planned 
Pand  produced  in  cooperation  with  the 
Aviation  Service  Schools  of  the  Bu- 
Hjau  of  Aeronautics  of  the  United 
ptates  Navy. 

Slidofilms  Giv*  Tips  for  Toaehtrs 

Recently,  a  series  of  nine  sound 
l^defilms  (or  filmstrips)  has  been 
ade  available  under  the  title  “Tips 
r  Teachers.”  These  nine  films  corn- 
rise  a  total  of  701  individual  pic- 
ires,  photos,  graphs,  charts,  draw¬ 
ls  and  exhibits.  (The  two  motion 
-  lures  reviewed  above  may  be  used 
with  these  slidefilms  if  de- 
led.  inasmuch  as  they  are  supple- 
entary.)  The  nine  subjects  in  the 
[;-!;df’ilTns  are: 

(1)  The  Teacher 

(2)  Some  Principles  of  Teaching 
(3j  I  Want  to  I^arn 

(4)  The  Lesson  Plan 

(5)  Make  Your  Chalk  Talk 

(6)  Teaching — a  Vocation 

(7)  Shop  Teaching 
(Si  Uesfgning  Examinations — Part  I 
(9)  Desiring  Examinations — Part  II 

The  slidefilm  (or  filmstrip)  is  a 
of  35-mm  safety  motion  pic- 
film,  on  each  segment  or  frame 
I  f  which  is  a  picture.  These  individ- 
d  pictures  are  arranged  in  logical 
Muence  in  order  to  show  a  given 
i  edure  pattern,  while  the  accom- 
m  ng  disc  record  provides  the  ver- 
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bal  commentary,  lecture  or  miscel¬ 
laneous  sounds.  Slidefilms  are  more 
economical  and  more  convenient 
than  movies  when  each  scene  is  to 
be  studied  for  some  time  by  the 
audience. 

When  the  picture  screen  is  used, 
certain  factors  not  present  in  the 
ordinary  blackboard  talk  or  study 
session  appeal  may  nullify  the  best 
efforts  of  the  most  skilled  instructor. 
Modern  projection  equipment  is  sim¬ 
plicity  itself,  yet  there  are  certain 
precautions  that  can  be  taken  which 
will  avoid  interruptions,  digressions 
and  failure. 

A  discussional  type  slidefilm  which 
points  out  to  instructors  how  seem¬ 
ingly  simple  hazards  to  a  smooth 
running  session  may  be  circumvented 
has  been  made  available  to  war  pro¬ 
duction  plants.  This  subject  is  called 
“Tips  on  Slidefilms”  and  comprises  a 
total  of  80  individual  pictures  with 
text  superimposed  on  the  films. 

PietHrc-Screcn  Training  is  New  Tool 

The  purpose  of  picture-screen  war 
production  training  is  not  to  substi¬ 
tute  for  or  supplant  any  form  of  in¬ 
struction  which  has  proved  its  value 
over  the  years.  The  screen  is  not 
used  as  a  substitute  for  textbook 
study,  lectures,  demonstration  or 
shop-work.  Rather,  it  is  intended  to 
provide  the  instructor  with  a  new 
tool  which  has  the  power  to  save  his 
or  her  time  and  labor  by  more  rap¬ 


idly  conveying  the  fundamentals  of 
a  skill,  its  purpose,  tools,  equipment 
and  basic  techniques,  leaving  more 
time  for  the  instructor  to  carry  on 
actual  demonstration.  In  achieving 
this  purpose  it  has  been  signally 
successful. 

Lilt  of  Films  Availablo 

Some  of  the  training  slidefilms 
and  motion  pictures  now  available  to 
the  electronic  field  as  supplements  to 
standard  training  methods  are : 

Basic  Electricity :  A  series  of  12  discus- 
sional-type  slidefilms,  comprising  888  indl* 
vidual  pictures,  drawings,  photos,  charts, 
graphs  and  exhibits.  The  Jam  Handy  Organ¬ 
ization,  2900  E.  Grand  Blvd.,  Detroit,  Mich. 

Excursions  in  Science  No.  3 :  A  single-reel 
sound  motion  picture  covering  the  fundamen¬ 
tals  of  magnetism.  The  General  Electric  Co.. 
Schenectady,  N.  Y. 

Electrochemistry :  A  single-reel  sound  mo¬ 
tion  picture.  Erpi  Classroom  Films  Inc.,  New 
York.  N.  Y. 

Elementary  Science  (Physics)  :  A  series  of 
eleven  reading-type  slidefilms.  The  Society 
for  Visual  Education.  Chicago.  lU. 

Introduction  to  Machining:  A  series  of  six¬ 
teen  discussional-type  slidefilms  with  a  total 
of  701  individual  pictures.  The  Jam  Handy 
Or|mnization,  Detroit.  Mich. 

Fundamentals  of  Bench  Work :  Ten  dis¬ 
cussional  slidefilms.  The  Jam  Handy  Organi¬ 
zation,  Detroit,  Mich. 

Electricity  at  Work :  A  single  slidefilm  sub¬ 
ject.  The  Society  for  Visual  Education,  100 
E.  Ohio  St.  Chicago,  Ill. 


The  following  have  been  prepared 
to  present  effective  modern  teaching 
techniques  to  engineers  themselves: 

Passing  the  Know-How  Along:  A  16-mm 
sound  film  1%  reels  long.  The  Jam  Handy 
Orranizntion,  Detroit.  Mich. 

Giving  a  Shop  Demonstration :  A  16-mm 
sound  film  2  reels  long.  The  Jam  Handy 
Organization.  Detroit,  Mich. 

Tips  for  Teachers :  A  series  of  9  slklefllms 
totalling  701  frames,  with  accompanying 
sound  film  2  reels  long.  The  Jam  Handy 
Organization.  Detroit,  Mich. 

Tips  on  Slidefilms :  A  slidefilm  with  80 
frames.  The  Jam  Handy  Organization,  De¬ 
troit,  Mich. 
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Recording  Audio  Analyzer 


A  heterodyne  audio  frequency  analyzer  and  a  high-speed  graphic  level  recorder  together 
trace  on  a  chart  the  level  of  each  frequency  in  the  audio  spectrum  from  10  to  9500  cycles, 
permitting  accurate  determination  of  predominant  frequencies  causing  noise  or  vibration 
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FIG.  1 — Block  diagram  of  the  audio  analyzer,  with  frequencies  present  in  each  section  during  cmalysis  of  a  1000-cycle  sound 
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Th*  Quarts  Crystal  Filter 


The  filter  unit  passes  only  the 
desired  narrow  band  of  frequencies 
centering  on  50  kc.  The  standard 
filter  unit  supplied  with  the  instru¬ 
ment  has  a  band  width  of  5  cycles, 
and  suppresses  frequencies  outside 


With  key  Ki  in  the  position  shown, 
the  output  of  the  first  a-f  stage  is 
fed  to  the  control  grids  of  tubes  V, 
and  Vt  in  the  balanced  modulated 
stage  through  the  triode  sections  of 
Vs,  which  provide  a-f  amplification 
and  phase  inversion  respectively. 
The  40-50  kc  signal,  produced  in  the 
celf-excited  oscillator  stage  contain¬ 
ing  triode-pentode  tube  y„  is  fed  to 
the  parallel-connected  third  grids  of 
the  modulated  tubes  to  give  elec¬ 
tronic  mixing  of  r-f  and  audio  sig¬ 
nals.  The  r-f  carrier  component 
cancels  out  in  plate  load  resistors 
Rn  and  Rk,  because  it  is  fed  to  the 
two  modulated  tubes  in  phase,  but 
sideband  components  produce  volt¬ 
ages  across  these  resistors  for  ap¬ 
plication  to  the  crystal  filter  because 
the  a-f  signal  is  fed  to  the  two 
modulated  tubes  180  degrees  out  of 
phase. 


Compute  audio  analyzer  eyitem,  con- 
■iztinq  oi  the  analyzer  unit  (at  the  left, 
with  drieing  motor  being  lowered  oeer 
tuning  knob)  and  the  graphic  lerel  re¬ 
corder  (at  right) 


Ezposed  Tiew  oi  the  graphic  recorder 
chossiz.  The  discz  on  each  tide  oi  the 
paper  roll  are  the  Permalloy  magnetic 
clutchee.  They  rotate  continuously  in 
opposite  directions.  The  scriber  is  at¬ 
tached  to  an  endless  wire  coble  which 
goes  around  these  discs,  but  moves  only 
when  one  of  the  clutches  is  engaged 


40  kc  to  50  kc  while  the  microphone 
is  picking  up  all  audio  frequencies. 
At  40  kc,  the  10,000-cycle  component 
will  give  a  50-kc  beat  which  can 
I  get  through  the  filter,  while  at  49.99 
L  kc  the  10-cycle  component  will  pro- 
!  due*'  the  requii’ed  50-kc  beat.  Thus, 
as  the  sweep  is  made  from  40  to  50 
kc,  each  audio  component  in  turn  will 
1  produce  its  own  frequency  in  the 
L  output  of  the  analyzer, 
r  The  complete  schematic  circuit 
F  diagram  of  the  analyzer  is  given  in 
t  Fig.  2.  The  audio  input  signal  to 


be  analyzed,  obtained  either  from  a 
dynamic  microphone  or  a  moving-coil 
type  vibration  pickup,  is  applied  to 
tube  F,  in  the  first  a-f  amplifier 
stage  through  matching  transfor¬ 
mer  r,.  This  stage  is  highly  stabil¬ 
ized,  with  i?n  and  Ci  providing  feed¬ 
back  from  plate  to  grid  for  this 
purpose. 


this  range  at  the  rate  of  approxi¬ 
mately  45  db  in  the  first  55  cycles. 
Additional  filters  with  20,  50  and 
200-cycle  band  width  are  available, 
and  up  to  three  can  be  built  into 
the  unit  and  connected  to  a  suitable 
selector  switch.  Filters  with  widths 
of  2  or  10  cycles  are  available  on 
special  order. 
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The  crystal  filter  used  in  the  audio 
analyzer  contains  a  lattice  network 
of  quartz  crystals.  The  pass  band 
determines  the  exact  type  of  lattice 
circuit  and  the  number  of  crystals 
to  be  used.  The  wider  the  band, 
the  more  crystals  are  needed.*  *  * 

Each  crystal  must  be  ground  ac¬ 
curate  to  a  fraction  of  a  cycle  so  as 
to  build  up  the  desired  band  width. 
The  crystals  collectively  must  pro¬ 
vide  a  flat-top  response  centered  on 
50  kc,  with  almost  straight  sides 
outside  the  desired  band.  All  crystals 
in  a  given  filter  are  ordinarily 
ground  from  the  same  mother 
crystal  so  as  to  have  identical  charac¬ 
teristics. 

The  crystals  are  usually  mounted 
in  individual  hermetically  sealed  con¬ 
tainers.  In  some  applications,  how¬ 
ever.  it  has  been  found  desirable  to 
mount  each  crystal  individually  in 
a  vacuum  tube,  to  eliminate  air 
damping  and  further  improve  the 
crystal  as  a  filter  element. 

Demodulator  and  A-F  Amplifier 

The  output  of  the  crystal  filter  is 
amplified  in  r-f  amplifier  stage  Va, 
then  combined  with  the  r-f  oscillator 
signal  in  the  demodulator  stage  by 


means  of  electronic  mixing.  This 
gives  in  the  output  circuit  of  de¬ 
modulator  tube  V,  a  difference  fre¬ 
quency  corresponding  to  the  audio 
frequency  being  analyzed.  Pi  filter 
LtCmCm  passes  only  frequencies  be¬ 
low  15  kc,  hence  suppresses  the 
original  r-f  components  in  the  de¬ 
modulator. 

From  the  demodulator,  the  single 
audio  frequency  component  being 
analyzed  at  the  moment  is  fed 
through  the  other  section  of  key  Ki 
to  the  second  a-f  amplifier  stage, 
and  thence  through  the  third  a-f 
and  output  stages  to  headphones 
and  the  graphic  level  recorder.  Aural 
monitoring  simplifies  the  selection 
and  identification  of  peak  com¬ 
ponents  during  manual  tuning. 

In  the  position  shown,  key  K,  con¬ 
nects  the  copper-oxide  rectifier  and 
meter  across  the  output.  In  another 
position  it  places  a  condenser  across 
the  meter  circuit  for  additional 
damping  when  dealing  with  fluctuat¬ 
ing  noise  components,  and  in  the 
third  position  it  disconnects  the 
meter  and  rectifier. 

Key  Ki  permits  feeding  Vi  directly 
to  the  remainder  of  the  a-f  amplifier, 
giving  a  conventional  type  of  sound 


level  meter  which  is  responsive  to 
all  frequencies.  Either  the  graphic 
level  recorder  or  the  meter  can  be 
used  for  output  indications.  When 
the  analyzing  section  is  switched  out 
of  the  circuit  in  this  manner,  key 
Kt  provides  a  choice  of  flat,  ear-40 
and  ear-70  frequency  responses  as 
called  for  in  ASA  specifications  for 
sound-level  meters. 

Key  Kt  in  the  a-f  amplifier  per¬ 
mits  inserting  a  20-db  pad  when 
it  is  desirable  to  reduce  output 
signal  level  a  definite  known  amount 

A  500-cycle  calibrating  signal  is 
fed  into  the  output  of  the  first  a-f 
amplifier  stage  from  triode  Vio,  for 
checking  the  frequency  and  gain 
calibration  of  the  analyzer  before 
making  a  series  of  tests.  When  not 
desired,  it  can  be  removed  by  clos¬ 
ing  key  Kt,  which  in  effect  grounds 
the  a-f  output  of,V,o. 

Key  K.  provides  a  choice  of  two 
different  r-f  ranges  in  the  local 
oscillator,  thereby  giving  audio  fre¬ 
quency  ranges  of  10-1000  cycles  and 
100-9500  cycles  for  analysis.  For 
special  requirements  the  analyzer 
can  be  modified  to  operate  up  to 
25,000  cycles. 

The  synchronous  motor  which  is 
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Excmipl*  ol  a  frequency  analysis  record  of  the  gear  noise  in  a  marine  engine.  The  frequency  scales  are  separate;  they 
are  placed  on  the  tape  and  the  Tertical  lines  drown  up  from  the  scales  for  convenience  in  studying  the  results 
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supplied  to  drive  the  tuning  dial  of 
the  analyzer  requires  approximately 
two  minutes  to  cover  one  of  the 
ranges.  The  motor  speed  was 
selected  to  give  a  complete  analysis 
as  quickly  as  possible  without  miss¬ 
ing  important  audio  components.  In 
use,  it  plugs  into  an  outlet  on  the 
analyzer  panel  and  engages  the  dial 
knob  through  prong  coupling,  so  that 
the  motor  can  readily  be  removed 
when  manual  tuning  is  to  be  used. 

The  graphic  recorder  was  de¬ 


processing  after  test  runs  are  made. 

R*.:ord«r  Plots  Lovol  vs.  Frequency 

The  recorder  utilizes  a  special 
bridge  circuit  developed  by  Swartzell 
and  Bedell*  for  the  clutch  mechanism 
driving  the  marking  scriber.  The 
final  circuit  arrangement  is  shown 
in  Fig.  3. 

The  a-f  signal  from  the  a-f  output 
stage  of  the  analyzer  is  applied  to 
a  five-stage  a-f  amplifier  in  the 
recorder  (F,,  V„  F,  and  F,), 
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FIG.  3 — Schomatlc  circuit  diagram  of  the  graphic  level  recorder 


veloped  simultaneously  with  the 
sound  frequency  analyzer  because  no 
exi.<<ting  recorder  could  be  found 
which  would  meet  the  special  re¬ 
quirements  of  this  application.  The 
recorder  had  to  be  rugged  to  permit 
use  in  a  moving  automobile  or  any 
other  location  subject  to  severe  vi¬ 
bration.  It  had  to  have  a  linear 
decibel  scale,  had  to  respond  ac¬ 
curately  to  sudden  changes  in  level, 
and  had  to  produce  an  economical 
permanent  record  requiring  no 


through  potentiometers  Pi  and  P,. 
The  resulting  a-f  signal  is  applied 
to  a  bridge  circuit  arrangement  em¬ 
ploying  full-wave  rectifier  Ft  in  two 
legs  and  clutch  coils  Li  and  Lo  in  the 
other  two  legs. 

The  movable  contact  arm  of  po¬ 
tentiometer  P,  is  mechanically  linked 
with  the  scriber  arm,  with  the  com¬ 
bination  being  driven  by  a  small 
electric  motor.  The  scriber  or  stylus 
is  engaged  to  the  constantly  moving 
drive  system  through  a  magnetic 


clutch  only  when  motion  is  required. 

Initially,  Pi  is  adjusted  so  that 
equal  currents  will  flow  through  both 
clutch  coils  for  a  particular  desired 
scriber  position  and  corresponding 
setting  of  P,.  Now,  if  the  a-f  input 
level  increases  above  this  initial  value, 
more  current  will  flow  through  the 
left  clutch,  for  instance,  causing  this 
clutch  to  attract  a  rotating  Permal¬ 
loy  disc  which  clamps  on  the  endless 
wire  belt  which  moves  the  scriber. 
The  action  of  the  clutch  thus  moves 
the  scriber  in  the  direction  selected 
for  higher  signal  level.  The  move¬ 
ment  stops  when  P*  has  been  moved 
sufficiently  to  balance  the  clutch  cur¬ 
rents  again,  under  which  condition 
both  Permalloy  discs  just  clear  the 
wire.  If  the  a-f  level  drops,  the 
right-hand  clutch  engages  and  the 
scriber  is  pulled  in  the  opposite  di¬ 
rection. 

The  action  of  this  particular 
clutch  circuit  is  so  fast  and  so  sensi¬ 
tive  that  it  is  possible  to  make  the 
scriber  move  completely  across  the 
recording  paper  in  less  than  one 
second,  and  respond  to  changes 
as  great  as  58  db  per  second.  The 
electric  motor  which  drives  the 
scriber  through  the  clutch  mechan¬ 
ism  also  moves  the  paper.  A  gear 
shift  on  the  panel  gives  a  choice  of 
three  different  paper  speeds. 

The  paper  used  is  ordinary  colored 
paper  4J  inches  wide,  with  a  coating 
of  wax.  A  white  wax  coating  on  red 
paper  has  proved  highly  satisfactory 
and  provides  clear  photostats. 
Scraping  away  of  the  wax  by  the 
scriber  allows  the  red  paper  to  show. 
The  paper  moves  between  ridged 
cylinders  which  impress  longitudinal 
decibel  level  lines  automatically  on 
the  strip*  chart,  thereby  permitting 
the  •  use  of  inexpensive  unprinted 
paper. 

(Continued  on  page  210) 
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Detecting 

Small  Mechanical  Movements 


An  improved  vacuum  tube  circuit  for  detecting  mechanical  movements  as  small  as  a  mil- 
lionth  of  an  inch,  by  converting  them  into  capacitance  changes  of  the  order  of  0.01 
Accuracy  is  high  because  variations  in  oscillator  and  cable  characteristics  are  nullified 


Oscillator  circuits  have  been 
used  for  some  time  in  the  meas¬ 
urement  of  extremely  small  mechan¬ 
ical  movements,  by  transforming  the 
movements  into  changes  in  electrical 
capacitance  between  a  fixed  and  a 
moving  plate.  This  varying  capaci¬ 
tance  is  connected  into  the  tuned  cir¬ 
cuit  of  the  oscillator,  causing  a  cor¬ 
responding  change  in  output  which 
can  be  measured,  recorded,  or  made 
to  actuate  a  relay.  The  chief  draw¬ 
back  of  these  systems,  however,  has 
been  the  fact  that  any  changes  in  the 
circuits  themselves  are  equivalent  to 
changes  in  the  capacitance  being 
measured  and  hence  constitute  a 
source  of  error. 

The  seriousness  of  this  problem  is 
readily  understood  if  we  consider 
that  the  maximum  variation  in  ca¬ 
pacitance  between  movable  and  fixed 
plates  is  often  less  than  0.1  fifif,  and 
the  normal  variations  in  capacitance 
are  of  the  order  of  0.01  fifif,  whereas 
the  tuning  capacity  of  a  tuned  circuit 
is  usually  50  fifif  or  more.  A  change 
of  0.2  percent  in  the  tuning  capaci¬ 
tance  would  thus  simulate  the  full 
movement  of  the  movable  plate.  An¬ 
other  source  of  error  is  introduced 
when  the  displacement  unit,  i.e.  the 
condenser  consisting  of  the  movable 
and  fixed  plates,  has  to  be  connected 
to  the  amplifier  by  a  flexible  cable. 
This  cable  has  to  be  shielded.  The 
capacitance  between  shield  and  lead 
will  vary  somewhat  when  the  cable 
is  moved,  even  if  highest  grade  con¬ 
centric  cable  is  used,  and  this  varia¬ 
tion  will  simulate  an  equal’ variation 
of  capacitance  in  the  displacement 
unit. 

The  circuit  to  be  described,  on 
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which  patent  application  has  been 
made,  is  essentially  free  from  these 
drawbacks.  It  is  based  on  insertion 
of  the  displacement  unit  between  an 
r-f  oscillator  and  an  r-f  amplifier,  as 
shown  in  Fig.  1(a).  If  the  capaci¬ 
tance  decreases,  the  input  will  de¬ 
crease.  The  resulting  arrangement 
is  highly  independent  of  variations 
in  circuit  constants. 

For  practical  reasons,  it  is  in  most 
cases  desirable  to  connect  one  plate 
of  the  displacement  unit  to  ground. 
If  this  is  done,  the  other  oscillator 
terminal  and  both  amplifier  input 
terminals  must  be  removed  from 
ground,  as  indicated  in  Fig.  1(b). 

The  circuit  diagram  of  the  entire 
system  is  given  in  Fig.  2.  Oscillator 
tube  Vt  holds  its  plate  and  line  H  at 
an  r-f  potential  with  respect  to 
ground.  The  first  tube  of  the  am¬ 
plifier,  y„  derives  its  plate  supply 
from  these  lines.  Displacement  unit 


Displacement  unit 
■  \ 


Oscillator 


T 


Amplifier'. 


(a)  ^ 

Displacement  unit 


Oscillafor 


Amplifier 


(b)  (c) 

FIG.  I — Block  diagram  showing  position 
of  displacement  unit  and  two  possible 
grotmding  arrangements 


D  is  connected  between  ground  and 
a  tap  on  the  coil  of  tuned  input  cir¬ 
cuit  Tt.  Radio  frequency  current  will 
flow  from  ground  to  line  H  through 
the  capacitance  of  D  and  the  tapped 
part  of  tuned  circuit  T,. 

The  impedance  of  D  is  high  com¬ 
pared  to  the  impedance  of  the  tapped 
center  section  of  tuned  circuit 
and  therefore  the  r-f  current  flowing 
through  these  impedances  is  essen¬ 
tially  proportional  to  the  capacitance 
of  D.  This  current  causes  an  r-f 
voltage  difference  between  the  grid 
and  cathode  of  F„  and  a  correspond¬ 
ing  r-f  plate  current  flows  through 
Tt.  The  resulting  induced  r-f  vol¬ 
tage  in  the  secondary  of  ’T,  is  recti¬ 
fied  in  full- wave  detector  F,.  The  d-c 
potential  thus  obtained  across  0.5- 
megohm  resistor  R  is  filtered  and  ap¬ 
plied  to  the  grid  of  Vt.  The  plate 
current  of  F,  can  be  fed  to  a  meter, 
recording  galvanometer,  oscilloscope, 
relay,  etc. 

The  lead  between  displacement 
unit  D  and  tuned  circuit  T,  is  sur¬ 
rounded  by  two  shields.  The  inner 
shield  is  connected  to  the  cathode  of 
F,  because  a  grounded  shield  around 
that  lead  would  form  an  undesirable 
capacity  in  parallel  with  the  displace- 1 
ment  unit.  The  inner  shielding  is 
surrounded  by  an  outer,  grounded 
shield  to  eliminate  radiation  and  to 
diminish  changes  in  capacitance  be¬ 
tween  inner  shielding  and  ground 
when  the  flexible  cable  is  moved. 

The  at-rest  capacitance  of  the  dis¬ 
placement  unit  can  be  compensated 
by  variable  capacitor  C,  which  is  con¬ 
nected  between  H  and  ground 
through  a  coil  coupled  to  T,  in  the 
proper  direction.  The  gain  of  the 
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amplifier  can  be  controlled  by  Ru  necessary,  the  output  tube  can  be  fed 
The  circuit  was  designed  to  be  from  a  separate  power  pack,  or  a 
insensitive  to  changes  in  capacitance  class  A  push-pull  arrangement  can 
between  lead  and  inside  shielding  (of  be  used  in  which  the  plate  current  of 
the  order  of  1  nnf  for  an  unusually  one  tube  increases  by  the  same 
severe  punishment)  and  to  changes  amount  as  the  plate  current  of  the 
between  inside  shield  and  outside  other  tube  decreases, 
shield  (of  the  order  of  10  /n/if  for  an  The  construction  of  a  displace- 
unusually  severe  punishment).  The  ment  unit  responsive  to  arterial 


Fiq.  2 — Complete  circuit  diagram  of  oscil¬ 
lator  and  amplifier  used  to  detect  small 
capacity  changes  in  the  displacement  unit 
independently  of  circuit  Tariotions 


Fig.  3 — Cross-section  of  displacement  unit 
used  for  coneerting  arterial  blood  pressure 
Tariations  into  corresponding  changes  in 
capacity 


type,  SO  that  detuning  of  the  plate 
circuit  does  not  affect  the  frequency 
of  oscillation.  The  r-f  voltage  ob¬ 
tained  at  the  plate  is  proportional  to 
the  plate  load  impedance,  however. 
To  make  this  voltage  independent  of 
the  capacitance  between  inner  and 
outer  shielding  (which  forms  part  of 
he  plate-to-ground  capacitance),  r-f 
hokes  L  and  Lx  and  adjustable  ca¬ 
pacitor  Cl  are  tuned  to  the  frequency 
of  oscillation,  and  the  resonant  im¬ 
pedance  of  this  tuned  circuit  is  arti¬ 
ficially  decreased  by  resistor  Rt. 

The  oscillator  signal  is  fed  to  a 
♦ap  rather  than  to  the  top  of  tuned 
inuit  Ti  because  any  changes  in 
apacitance  between  lead  and  inner 
hielding  are  reflected  to  the  top  of 
he  tuned  circuit  in  proportion  to  the 
quare  of  the  ratio  of  turns.  In  addi- 
ion,  if  we  slightly  detune  a  tuned 
ircuit,  its  impedance  varies  in 
i  cip  irtion  to  the  square  of  the  de- 

I lining  capacitance.  Accordingly,  the 
ffect  of  changes  in  the  capacitance 
etween  lead  and  inner  shield  will 
iurease  with  the  fourth  power  of 
he  ratio  of  turns.  At  the  same  time 
he  input  sensitivity  will  decrease 
n  proportion  to  the  ratio  of  turns 
the  impedance  of  D  being  higher 
har  the  resonant  resistance  of  T,). 
If  a  substantial  power  output  is 


is  designed  to  fit  a  hypodermic 
needle  which  can  be  inserted  in  an 
artery.  A  silver  membrane  0.0015 
inch  thick  and  i  inch  in  diameter 
serves  as  the  diaphragm,  and  can  be 
moved  to  its  extreme  limit  by  the 
pressure  of  a  100-inch  water  column, 
corresponding  to  the  peak  pressure 
in  the  artery  of  a  dog.  The  actual 
movement  of  the  membrane  under 
this  pressure  is  less  than  a  thou¬ 
sandth  of  an  inch,  too  small  to  be 
detected  with  an  ordinary  indicator. 

Calculations  and  experimental  re¬ 
sults  both  indicate  that  diaphragm 
movements  as  small  as  a  millionth  of 
an  inch  can  be  reliably  detected. 
With  an  additional  stage  of  amplifi¬ 
cation,  there  is  a  good  possibility 
that  the  sensitivity  can  be  still  fur¬ 
ther  increased.  The  response  time  of 
the  system  is  limited  only  by  the 
inert  mass  of  fluid  between  the  dia¬ 
phragm  and  the  pressure  source  (in 
the  needle  and  on  the  needle  side  of 
the  diaphragm  in  the  displacement 
unit). 

The  selectivity  of  the  whole  ampli¬ 
fier  can  be  kept  as  low  as  desired  to 
exclude  errors  due  to  shifting  of  the 
resonant  frequency  of  either  the  os¬ 
cillator  or  amplifier  circuit.  Prac¬ 
tically  the  only  remaining  source  of 
error  is  the  fluctuation  of  line  volt¬ 


age,  which  can  be  eliminated  by  the 
use  of  a  voltage-regulating  trans¬ 
former. 

The  amplifier  described  here  has 
already  been  used  successfully  in 
connection  with  the  recording  of 
blood  pressure  curves.  In  addition  to 
this  and  similar  medical  applications, 
the  system  lends  itself  to  the  detec¬ 
tion  of  other  mechanical  movements, 
particularly  in  industry.  It  can  be 
applied  where  the  displacement  is 
made  accessible  only  by  a  flexible 
cord  or  where  response  to  rapid 
chaises  is  essential.  Possible  appli¬ 
cations  are  checking  the  eccentricity 
of  rotating  shafts,  detecting  small 
pressure  variations  in  internal  com¬ 
bustion  engines,  and  detecting  de¬ 
formation  due  to  stresses  in  machine 
or  structural  parts. 
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Simple  photographic  methods,  using  stock  s^paratus,  are  outlined  for  testing  individual 
shutters  of  the  focal-plane  and  inter-lens  type.  All  essential  shutter  characteristics  (?an 
he  determined.  Methods  for  production  testing  and  control  are  suggested 
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FIG.  1 — Sample  tests  on  inter-lens  shutters. 
Arrows  in^cate  heqinninq  and  end  of 
photographic  traces  and  hence  determine 
shutter  opening  and  closing.  (A)  720  cps 
vertically  with  sweep  slightly  differing 
from  120  cps.  Nominal  exposure.  1/200 
sec.;  actual  exposure,  1/125  sec.  (B)  Same 
as  (A)  except  shutter  set  between  1/100 
and  1/50  sec.  Actual  exposure,  1/72  sec. 
(C)  240  cps  vertically  with  sweep  just 
above  60  cps.  Nominal  exposure  1/25 
sec.;  actual  exposure  1/20.5  sec.  (D)  120 
cps  vertically  with  sweep  just  above  30 
cps.  Nominal  exposure  1/10  sec.;  actual 
exposure,  1/8.4  sec. 


Many  methods  have  been  devised 
for  checking  the  accuracy  of 
shutter  speed  settings  and  with 
them  evidence  has  been  obtained  that 
significant  errors  are  common,  even 
in  new  and  high  priced  cameras.* 
The  extensive  use  of  color  film  has 
greatly  increased  the  importance 
of  testing  shutter  speeds,  since 
this  factor  in  exposure  seems  more 
likely  to  be  in  error  than  either 
diaphragm  setting  or  film  speed. 
The  two  methods  whose  description 
occupies  most  of  this  article  are 
adapted  to  the  testing  of  inter-lens 
and  focal  plane  shutters,  respec¬ 
tively,  wherever  the  reading  of  the 
result  can  wait  upon  the  develop¬ 
ment  of  a  negative,  as  in  the  cali¬ 
bration  of  individual  or  occasional 
cameras.  It  is  felt,  however,  that  an 
even  more  important  application  of 
testing  procedure  is  in  large  scale 
testing  in  factory  and  service  shop. 
Here  direct  reading  apparatus,  de¬ 
signed  for  the  job,  is  necessary. 
Electronic  methods  offer  perhaps  the 
best  possibilities  of  solution  of  this 
problem  and  since  the  problem  is 
chiefly  an  engineering  one,  this 
article  will  attempt  only  to  call  at¬ 
tention  to  the  opportunity  for  such 
application  and  point  out  a  few  of 
the  available  principles  on  which  a 
method  might  be  based. 

The  calibration  of  inter-lens  shut¬ 
ters  by  measuring  the  arc  described 
on  a  film  by  an  image  of  a  point  mov¬ 
ing  in  a  circle  at  a  predetermined 


rate  is  well  known.  This  method 
has  been  used  with  the  cathode-ray 
oscillograph  as  the  source  of  the 
moving  image,*  taking  advantage  of 
the  flexibility  of  control  of  the  rate 
of  rotation  and  the  ease  of  measur¬ 
ing  that  rate  precisely  with  this 
instrument. 

But  a  still  simpler  method  is  pos¬ 
sible  with  the  same  equipment, 
namely,  a  source  of  audio-frequency 
sine  wave  voltage  such  as  a  beat  fre¬ 
quency  oscillator,  and  the  cathode- 
ray  oscillograph.  An  ordinary  oscil¬ 
loscope  is  satisfactory  except  that 
the  usual  green  fluorescent  screen  is 
much  less  photoactive  with  ordinary 
fast  films  than  the  blue  screen  and 
the  persistence  of  image  in  the  green 
screen  is  sufficient  to  introduce  an 
uncertainty  in  the  reading  of  the| 
records. 

Employing  the  same  principle  o 
measuring  the  length  of  the  line  de 
scribed  on  the  film  by  a  spot 
light  moving  at  a  known  rate  in  the 
interval  during  which  the  shutter  is 
open,  one  may  use  other  than  i  irr.; 
lar  motion.  Much  simpler  than 
obtain  a  perfect  circle  at  vari  u 
frequencies  of  rotation  with  stoci 
apparatus,  is  the  tracing  of  a  sinei 
wave  (or  other  regularly  rocurrinsj 
wave  form)  against  time  on  th 
screen  of  the  cathode-ray  tube  ?ci 
loscope.  The  usual  sweep  circuit  ^ 
fices  for  providing  the  time  ax; 
since  accurate  linearity  of  sweep 
unimportant.  It  is  set  at  a  con  e 
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distance  travelled  by  the  spot  in  this 
method  than  in  the  method  of  circu¬ 
lar  motion,  its  available  accuracy  is 
greater.  A  saw  tooth  signal  or  one 
of  some  other  shape  producing  an 
image  of  uniform  density  would  be 
preferable  to  the  sine  wave  but  the 
latter  is  quite  adequate. 

While  this  method  is  satisfactory* 
for  shutters  which  expose  the  whole 
picture  area  at  once,  it  is  applied 
only  with  difficulty  to  the  focal  plane 
shutter.  Here  the  exposure  is  ef¬ 
fected  by  the  slow  movement  of  a 
slit  across  the  picture  area.  At  low 
shutter  speeds  the  slit  is  often  as 
wide  as,  or  wider  than,  the  entire 
picture  area,  the  leading  and  trail¬ 
ing  edges  of  the  slit  each  occupying 
the  entire  nominal  period  of  the  ex¬ 
posure  in  their  movement  or  less 
than  that  period.  In  this  case  each 
edge  of  the  slit  is  motionless  while 
the  other  edge  is  in  motion.  They 


FIG.  2 — Diagram  (aboT«)  illustrating  ds* 
▼•lopmsnt .  ol  rhomboidol  iigurmi  during 
•xposurs  and  (bslow)  six  stsps  in  gsnsra* 
don  ol  tho  poroUslogram 


ent  sweep  rate,  for  example,  about 
twice  that  of  the  shutter  speed  un¬ 
der  test.  The  source  of  alternating 
voltage  is  set  at  a  carefully  cali¬ 
brated  frequency  (the  line  frequency 
is  a  sufficiently  accurate  standard) 
of  some  convenient  value,  for  ex¬ 
ample,  about  six  times  the  sweep 
frequency.  Thus  for  1/10  sec.  shut¬ 
ter  speed  a  sweep  frequency  of  20 
cps  and  a  frequency  on  the  vertical 
deflection  plates  of  120  cps  is  con¬ 
venient;  for  1/200  sec.  shutter  speed 
a  sweep  of  240  cps  and  vertical  sig¬ 
nal  of  1440  cps  is  adequate  and  easy 
to  calibrate  from  a  60  cps  standard. 
The  vertical  deflections  will  be  used 
as  the  standard  and  should  be  ac¬ 
curately  known.  The  horizontal  need 
not  be  maintained  at  the  figures  sug- 
Ttsied,  indeed,  it  is  preferably  al¬ 
tered  just  enough  that  the  standing 
image  used  for  calibrating  the  oscil- 
^ntor  is  set  in  rapid  motion.  An 
xposure  is  then  made  on  fast  film, 
dth  the  camera  under  test  mounted 
»airly  close  to  the  screen.  The  screen 
teed  not  fill  the  negative  but  should 
large  enough  to  permit  ready 
Resolution  of  the  individual  waves. 
■The  shutter  is  snapped  at  a  random 
%‘Oment  without  regard  to  the  phase 
Rf  the  sweep,  since  the  pattern  re- 
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FIG.  3— Bar  oi  light  (720 
q;>s)  moTing  downward  20 
diritions  (2  in.)  OTory 
1/  60  sec.  with  60  cps 
sweep.  Slit  moring  right 
to  left  in  camera.  Eifectire 
exposure  in  center  oi 
frame  is  1/1 00  sec.  since 
12  diTisions  are  shown. 
Slope  oi  upper  edge  is  , 
less  steep  than  that  oi 
lower  edge 


curs  without  appreciable  loss  of 
time. 

By  this  procedure  there  will  re¬ 
sult  on  the  negative  a  pattern  of 
about  two  sweeps  with  six  vertical 
waves  each,  as  shown  in  Fig.  1.  Due 
to  setting  the  standing  image  in  mo¬ 
tion  they  will  not  be  superimposed 
but  will  easily  be  counted.  Such  sine 
waves  can  be  estimated  to  i  cycle  so 
that  counting  approximately  12 
cycles  an  overall  accuracy  of  1  per¬ 
cent  is  obtained.  This  is  more  than 
necessary  for  shutter  calibration 
and  at  high  speeds  other  errors,  such 
as  the  uncertainty  of  the  beginning 
and  end  of  the  trace  due  to  the 
closing  and  opening  time  of  the 
shutter,  become  much  larger  than 
this.  Because  of  the  much  greater 


do  not  necessarily  move  at  the  same 
rate,  in  some  cameras  and  it  is  pos¬ 
sible  to  obtain  uneven  exposure  of 
the  negative  from  this  cause.  At 
high  shutter  speeds  the  slit  is  nar¬ 
rower  than  the  picture  area,  the 
time  of  traverse  is  longer  than  the 
nominal  period  of  exposure  and  the 
two  edges  have  to  move  at  the  same 
rate,  but  may  accelerate  and  pro- 


•  The  difference  between  motion  stopping 
capaeity  and  light  passing  capacity  in  non¬ 
local  plane  shutters  makes  it  dillicult  to  say 
that  any  simple  methml  is  <'ntireiy  satisfac¬ 
tory.  This  method,  like  most  usually  used, 
is  primarily  designed  to  measure  motion  stop¬ 
ping  capacity.  Light  passing  capaeity  can 
only  be  estimated  roughly.  The  interrelation 
between  these  properties.  whi<-h  is  different 
at  different  shutter  speeds  makes  it  neces¬ 
sary  for  practical  purposes  to  adopt  a  more 
or  less  artiitrary  tletinition  of  effective  mo¬ 
tion.  stopping  exposure.  Because  of  the  effi¬ 
ciency  of  focal  plane  shutters  both  properties 
are  easily  measured  at  once  in  these  shutters 
as  by  the  method  described  here. 


FIG.  4 — ^Diagrams  of  three  possible  types 
of  records.  (A)  Slit  width  equal  to  width 
of  neqatiTO.  (B)  Slit  width  greater  than 
width  of  negatiTe.  (C>  Slit  width  less  than 
width  of  negatiTe.  and  elapsed  time  of 
exposure  time  —  B/ai  where  B  is  width 
time  of  each  spot.  Actual  exposure  at 
that  point  on  the  film  is  calculated  by 
exi>osure  time  =  B/ai  where  B  is  width 
of  figure  in  axis  of  image  motion,  n  is 
distance  trarersed  per  sweep,  and  f  is 
sweep  frequency 
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duce  uneven  exposure  in  this  way.  nificant  distance  between  the  shut- 
A  good  method  of  calibrating  such  ter  and  the  focal  plane,  as  there  is  In 


shutters  should,  then,  measure  the  some  cameras,  the  speed  calibration 
effective  exposure  at  all  points  in  will  be  accurate  only  for  the  object 


the  picture  area,  that  is  at  each  point  distance  and  diaphragm  setting  used 


along  the  axis  of  slit  movement. 


in  the  test  Greater  distances  and 


The  usual  methods  of  calibrating  smaller  stops  will  make  the  same 
focal  plane  shutters  either  accom-  shutter  speed  effectively  faster.  The 


plish  this  result  only  with  great  dif-  present  method  gives  an  estimate  of 
ficulty  or  by  repeating  the  whole  test  whether  this  effect  is  serious. 


for  each  region  of  the  negative.  They  The  exposure  is  made  with  the 


further  involve,  in  most  instances,  shutter  speed  under  test,  the  di¬ 
removal  of  the  back  of  the  camera,  aphragm  wide  open,  the  sweep  fre- 


sometimes  an  awkward  or  impossible  quency  of  the  oscilloscope  adjusted 


procedure.  to  some  value  conveniently  cali¬ 

brated  against  a-c  mains  (or  other 

All  ShBttBr  CharaetBrIsties  available  frequency  standard)  and 

BOSlly  ll0T#rilllB#Q  IT  B 

a  little  lower  than  the  value  of  the 
Perhaps  the  simplest  method  of  shutter  speed.  Thus,  when  testing  a 


All  Shatter  Charactarlsties 
Easily  DetBrBliBBd 


measuring  all  the  significant  prop-  shutter  speed  of  1/25  sec.  a  20 


erties  of  such  shutters  at  once  would  cps  sweep  would  be  satisfactory, 
be  to  expose  a  negative  during  the  Finally,  the  amplitude  of  the  sweep 


uniform  linear  motion,  at  right  is  carefully  adjusted  to  some  con- 
angles  to  the  axis  of  shutter  move-  venient  value  and  recorded  in  terms 


ment,  of  a  bar  of  light  the  length  of  of  the  celluloid  ruling.  The  exposure 
the  field  of  view.  The  rate  of  move-  is  made  without  regard  to  the  phase 


ment  of  the  bar  must  be  precisely  of  the  recurring  cycles  of  motion  of 
known  and  linear  and  should  be  vari-  the  bar  of  light,  but  if  several  ex- 


able  over  a  considerable  range  in  posures  are  made,  one  negative  is 
order  to  be  adapted  to  the  entire  likely  to  contain  all  of  one  cycle. 


range  of  shutter  speeds  to  be  tested.  This  will  be  more  likely  the  slower 


These  requirements  are  easily  met  the  sweep,  but  it  is  not  necessary  for 
by  the  cathode-ray  oscillograph.  The  accurate  measurement,  since  the 


only  additional  piece  of  equipment  cycles  recur  without  appreciable 
necessary  is  some  source  of  alternat-  loss  of  time. 


ing  current  at  a  frequency  any¬ 
where  between  1000  and  20,000  cps, 
such  as  the  a-f  signal  generator  men¬ 
tioned  in  the  first  described  method. 


ARalyxiag  th*  Diagrams 

A  rhomboidal  figure  is  obtained. 
Two  of  its  sides  are  horizontal  (par- 


This  signal  is  applied  to  the  input  allel  to  some  edge  of  the  negative) 


of  the  vertical  deflection  plate  ampli¬ 
fier  and  provides  the  bar  of  light. 


and  are  defined  by  the  amplitude  of 
the  vertical  deflecting  signal.  The 


The  saw  tooth  time  base  oscillator  other  two  edges  are  diagonal  and 
built  into  the  oscilloscope  is  used  to  may  be  parallel  or  not  quite  parallel. 


move  this  bar  at  a  known,  linear.  These  are  the  edges  that  matter. 


variable  rate  across 


They  are  identified  as  the  edges  that 


Since  the  direction  of  this  movement  are  not  parallel  to  any  edge  of  the 
will  be  horizontal,  the  camera  should  negative.  They  were  defined  by  the 


be  held  so  that  the  shutter  moves  two  motions,  at  right  angles  to  each 


vertically — either  up  or  down  (it  is  other,  of  the  sweep  and  of  the  shut- 
not  necessary  to  know  which).  Any  ter  slit.  One  of  them  represents  the 


deviation  from  90  deg.  in  the  angle  resultant  of  the  sw’eep  of  the  bar 


between  axis  of  image  movement  of  light  and  the  opening  or  leading 


and  axis  of  shutter  movement  will  edge  of  the  slit,  the  other  represents 


create  an  error  in  the  measurement,  the  resultant  of  the  sweep  of  the 


The  camera  is  fitted  with  any  neces-  bar  of  light  and  the  closing  or  trail- 


FIG.  5 — Tracings  oi  actual  records  made 
as  in  Fig.  3.  Bar  oi  light  moving  20  divi¬ 
sions  vertically  in  1/15  sec.  (above)  and 
1/20  sec.  (below).  (A)  Nominal  exposure. 
1/100  sec.;  actual  exposure  1/75  sec.  (B) 
Nominal  exposure,  1  30  sec.;  actual  ex¬ 
posure,  1/29  sec.  Wavy  edges  are  due  to 
60  cps  pick-up.  Wedge  shape  distortion 
at  (B)  due  to  oscillograph  characteristics 


sary  close-up  attachment  to  make  it  ing  edge  of  the  shutter.  Their  slant 
possible  to  fill  the  whole  negative  is  a  function  of  the  rates  of  these 


area  with  the  image  of  the  screen,  two  motions.  The  schematic  Fig.  2 


The  distances  chosen,  the  focal 
lengths,  the  degree  of  reduction,  are 


will  show  how  the  rhomboid  is 
formed  in  the  ideal  case  where  the 


facing  provided  on  the  screen  of 
the  oscilloscope.  If  there  is  a  sig- 


ruling! 
onals  : 
bar  of 
point, 
of  the 
exposu 
E.T. 
where 


exactly 


Bih 


uncritical  as  all  measurements  are  sweep  happens  to  begin  just  as  the 
made  in  terms  of  the  ruled  celluloid  shutter  reaches  the  margin  of  the 


image.  A  little  experimenting  with 
a  pencil  will  show  the  effects  oi 
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varying  the  parameters  involved. 
Some  of  the  possible  figures  are  re¬ 
produced  here  (Figs.  3  to  6).  To  ob¬ 
tain  the  actual  exposure  at  any 
point  in  the  negative  it  is  only 
necessary  to  count  the  number  of 
rulings  exposed  between  the  diag¬ 
onals  in  the  axis  of  motion  of  the 
bar  of  light  passing  through  this 
point  Knowing  the  rate  of  motion 
of  the  bar  of  light  the  calculation  of 
exposure  time  is: 

E.T.  =  B/nf 

where  t  is  exposure  time  in  seconds 

B  is  number  of  rulings 
counted 

n  is  number  of  rulings  per 
sweep 

/  is  sweep  frequency  in  cps. 
Thus  in  Fig.  3  the  camera  shutter 
was  set  at  1/100  sec.  the  sweep  at 
exactly  60  per  second  and  20  divi- 
ions  of  the  ruling.  It  will  be  seen 
'hat  the  shutter  allowed  12.5  divi- 
ions  to  be  exposed  at  the  right  edge 
of  the  image  and  the  exposure  at 
tMs  position  was  therefore  t  —  12.5/ 
(20x60)  =  0.0104  =  1/96  sec. 

It.  was  found  in  practice  that  a 
tiock  Model  164  Dumont  oscillo- 
raph  with  a  short-persistence  blue 
creen**  gave  usable  density  on  East- 
lan  Super  XX  film  at  high  shutter 
r«eds,  an  aperture  of  //3.5.  The 
ainearity  of  the  sweep  was  satisfac- 
.ry.  A  model  with  higher  inten- 
!ty,  still  better  linearity,  and  larger 
reen  area  would  increase  pre- 
■^.on  and  usefulness.  A  saw- 
"th  signal  on  the  vertical 
'ates  would  be,  of  course,  the  best 
it  a  sine  wave  proved  satisfactory 
ven  though  it  gives  less  density  of 
he  negative  in  the  center  than  at 
he  ends  of  the  figure. 

By  this  method  it  will  be  noted 
p  at  the  exact  effective  exposure  at 
ery  point  in  the  picture  area  can 
obtained.  Thus,  inequalities  in 
e  rate  of  movement  of  the  leading 
id  trailing  edges  of  the  slit  are  re- 
rrded  as  lack  of  parallelism  of  the 
■agonals  and  can  easily  be  meas- 
red  as  a  difference  in  the  number 
rulings  exposed  at  the  two  ends 
the  negative. 

From  the  figure  obtained  it  is  also 
>sible  to  determine:  (1)  the  direc- 
n  of  movement  of  the  slit,  (2)  its 
idth  at  each  setting,  and  (3)  the 
‘al  elapsed  time  during  an  ex- 


[Ch 


A  lufdiam  persistence  screen  would  give 
'■  rather  than  sharp  margins  on  the 
■  's  reducing  the  accuracy  of  measure- 
|>:t,  and  is  not  sufficiently  photoactive  for 
lie  density  of  the  negative. 
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posure.  The  first  is  easily  derived 
from  the  direction  of  slope  of  the 
diagonal  on  the  film,  knowing  the  di¬ 
rection  of  movement  of  the  bar  of 
light  on  the  screen.  The  second  is 
measured  directly  on  the  negative  as 
the  width  of  the  diagonal  band  in 
the  axis  of  shutter  movement.  If  an 
insufficient  fraction  of  the  whole 
parallelogram  appears  on  the  nega¬ 
tive,  due  to  a  very  wide  slit  or  an 
image  that  does  not  fill  the  picture 
area,  projections  of  the  slopes  are 
drawn  as  in  Fig.  4.  The  total  elapsed 
time  (for  exposure  of  the  whole 
negative)  is  the  distance  T  (Fig.  4) 
calculated  as  seconds  from  the  known 
rate  of  movement  of  the  image. 

Shutter  Efficieucy 

Still  another  characteristic  of  the 
camera  is  revealed  in  the  same  rec¬ 
ord.  The  efficiency  of  the  focal  plane 
shutter,  that  is  the  degree  to  which 
agreement  exists  between  the  total 
time  of  exposure  of  any  point  of  the 
film  and  the  time  during  which  that 
point  is  receiving  all  the  light  ad¬ 
mitted  by  the  lens,  depends  on  the 
distance  between  the  shutter  and 
the  actual  focal  plane.  A  good  focal 
plane  shutter  is  built  close  to  the 
plane  of  the  film,  casts  a  sharp 
shadow  on  that  plane  and  approaches 
100  percent  in  efficiency.  But  many 
cameras  are  constructed  with  an  ap¬ 
preciable  distance  between  the  plane 
of  the  curtain  and  that  of  the  film, 
reducing  the  efficiency  markedly. 
Any  significant  loss  of  efficiency  will 
show  itself  in  the  negative  of  the 
moving  bar  of  light  as  a  graded 
rather  than  a  sharp  margin  on  the 
diagonals.  If  the  zones  of  graded 
intensity  at  both  margins  amount  to 
less  than  5  to  10  percent  of  the  total 
width  of  the  rhomboidal  figure,  the 
inefficiency  is  negligible,  and  the 
shutter  must  be  close  to  the  focal 
plane.  Of  course,  this  estimation 
presupposes  that  the  spot  on  the 
cathode-ray  tube  is  sharply  focused 
both  on  its  screen  and  on  the  film. 
If  the  margins  are  sharp  nothing 
further  need  be  done,  but  if  there  is 
a  significant  fuzziness  it  should  be 
validated  by  comparison  with  the 
vertical  margins  of  the  figure  and 
with  the  diagonals  of  figures  of  very 
slow  shutter  speeds. 

This  method  is  usable  not  only  for 
focal  plane  shutters  but  for  inter¬ 
lens  shutters.  In  this  case  the  re¬ 
sulting  figures  will  not  be  rhomboidal 
{Continued  on  page  250) 


FIG.  6 — Same  as  Fig.  5  (A)  Shutter  set  for 
1/200  sec.  Sweep,  120  cps.  Actual  ex¬ 
posure  1/130  sec.  (B)  Shutter  set  for  1/30 
sec.  Sweep,  30  cps.  Actual  exposure  1/30 
sec.  in  center  of  picture,  but  13  percent 
less  at  left  edge  and  13  percent  greater  at 
right  edge  since  leading  edge  of  focal 
plane  shutter  moves  faster  than  trailing 
edgs  of  focal  plane  shutter.  Triangle  at 
right  (6)  represents  region  of  double  ex¬ 
posure,  shown  as  area  of  greater  density 
on  original  film 


FIG.  7 — Records  mode  with  35-mm  focal 
plane  camera.  (A)  Bar  of  light  moving  left 
to  right  20  times  per  sec.,  shutter  slit  mov¬ 
ing  from  top  to  bottom.  Nominal  exposiue, 
1  25  sec.  Actual  exposure  1/25  sec.  in 
center,  but  varies  considerably  above  and 
below  center  due  to  leading  edge  of  slit 
moving  faster  than  trailing  edge.  (B) 
Sweep,  120  cps,  left  to  right,  illustrating 
use  of  slower  vertical  signal  to  give  sepa¬ 
rate  waves  instead  of  bar  of  light.  Vertical 
signal  is  1.920  cps.  Shutter  set  for  1/200 
sec.  Actual  exposure  varies  from  1/160 
to  1  215  sec. 
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centration  of  silver  compounds.  Not 
only  can  particles  be  broken  up  and 
dispersed,  but  a  reverse  action  en¬ 
ables  ultrasonics  to  condense  vapors, 
smokes,  and  fumes.  This  principle 
has  been  used  to  eliminate  the  smoke 
hazard  in  some  of  our  cities. 


used  by  the  Army  and  generally  known  as  “ultrasonics. 

[and,  at  sea  and  in  the  air.  Plates  are  now  used  in  the  dairy  in-  Ultrasonic  waves  are  even  beinjf 
I  vital  part  in  the  per-  dustry  to  homogenize  milk.  Milk  is  used  in  medicine.  When  these  vibra- 
of  military  communica-  passed  over  a  vibrating  quartz  plate  tions  are  sent  through  an  arm  or  leg, 
ipment  They  are  used  in  and,  under  the  action  of  pressure-  the  flesh  and  bone-marrow  get  warm 
ly  publicized  radar  devices,  waves,  cream  droplets  are  broken  up  while  the  bone  stays  cool.  This  is 
perform  important  func-  and  dispersed,  making  a  uniform  due  to  the  fact  that  flesh  and  mar- 
connection  with  artillery  liquid.  There  is  no  cream  separation  row  are  poor  vibration  conductors, 
ing  and  submarine-detect-  and  a  smoother,  more  consistent,  and  while  bones  readily  conduct  the  vi¬ 
and  permit  the  internal  more  easily  digested  product  results,  brations.  Flesh  and  marrow  absorb 
within  gun-barrels  and  A  similar  application  is  being  tried  ultrasonic  energy  and  convert  the  vi- 
n  engines  to  be  readily  in  the  petroleum  industry.  Gasoline  brations  into  heat.  Thus,  we  have  a 
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ELECTROMO 


By  preserving  certain  angular  relation¬ 
ships  with  respect  to  the  various  axes 
of  a  mother  crystal,  oscillator  plates 
may  be  given  characteristics  most  suit¬ 
able  for  specific  jobs.  Modes  of  vibra¬ 
tion  in  basic  cuts  and  recent  modifica¬ 
tions  are  discussed.  Present-day  and 
future  applications  of  quartz  oscillator 
plates  are  broadly  outlined 


cation  of  an  electric  charge  to  the 
,  plate. 

I  By  applying  an  alternating  volt¬ 
age  to  the  surface  of  the  plate,  it  oadiiator 

may  be  made  to  expand  and  contract  m^ia^°TeTa^ 

very  slightly  in  time  or  in  tune  with  tiomhip  with  re- 
the  alternations.  In  other  words,  by  xpect  to  Uie  x  (oioc- 
stimulating  the  plate  with  alternat-  »ricai)  and  the  Y 
ing  voltage  of  approximately  the 

®  ^  ihe  Z  (optical)  axes 

same  frequency  as  its  natural  vibra-  ^  crystal 

tion  period  the  plate  may  be  made 
to  vibrate  mechanically  at  a  fre¬ 
quency  determined  by  its  size  and 
shape.  FIG.  1  — Plate  1 

By  very  accurate  cutting  and 
grinding,  a  quartz  plate  can  be  made 
to  oscillate  at  a  frequency  which  is 
very  constant. 


FIG.  1  —  Plate  Tibrating  "in  tlexure" 


Modes  of  Vibration 

Quartz  plates  may  vibrate  in  sev¬ 
eral  different  ways.  Vibration  pat¬ 
terns  are  frequently  studied  by 
placing  lycopodium  powder  on  the 
vibrating  plate.  Patterns  are  some¬ 
times  quite  complicated  but,  in  gen¬ 
eral,  may  be  classified  into  three 
'iniple  types:  (1)  flexure,  (2)  longi¬ 
tudinal,  and  (3)  shear.  A  fourth 
’a  ification,  which  may  be  a  modi¬ 
fication  of  any  of  these  three,  is  the 
“harmonic”  type. 

In  the  flexure  type  of  motion  (Fig. 


1)  we  have  the  plate  vibrating  on 
the  width,  with  the  displacement 
upon  the  width  and  the  wave  propa¬ 


gated  along  the  length.  The  plate  is 
distorted  first  in  one  direction  and 
then  in  the  other. 

In  the  longitudinal  type  (Fig.  2) 
the  displacement  is  on  the  length 
and  the  wave  is  propagated  along 
the  length. 

The  shear  type  of  motion  is  more 
complicated  (Fig.  3)  and  consists  of 
an  expansion  and  contraction  in  op¬ 
posite  phase  along  two  diagonals  of 
either  the  face  or  the  thickness. 

Just  as  a  string  can  be  made  to 
vibrate  as  a  whole,  giving  a  funda¬ 
mental  tone,  or  in  higher  frequency 
“segments”,  so  we  may  have  quartz 
plates  vibrating  on  harmonics.  Such 
plates  (Fig.  4)  are  the  same  general 
types  as  those  used  for  fundamental 
frequency  vibrations  but,  by  utiliz- 
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FIG.  2 — Plate  vibrating  longitudinally 


ing  a  different  grinding  and  mount¬ 
ing  technique  and  different  circuits, 
are  caused  to  vibrate  on  a  harmonic. 
Odd  harmonics  are  much  more  com¬ 
monly  used  than  even  ones.  The 
working  frequency  is  usually  but  not 
always  three  times  the  fundamental. 
It  may  vary  as  much  as  50  kc  from  a 
calculated  frequency,  depending  upon 
the  manner  of  vibration. 

Quartz  plates  may  have  two,  or 
even  three,  modes  of  vibration.  It  is 
the  task  of  the  manufacturer  to 
determine  what  mode  of  vibration  is 
to  be  used  for  a  particular  frequency 
and  eliminate  all  others.  This  is  ac¬ 
complished  by  correct  dimensioning 
of  the  plate  and  precise  grinding 
technique.  Generally  speaking,  in 
the  low  frequency  range  from  15  to 
400  kc,  bar-types  vibrating  on  the 
length,  or  plates  vibrating  in  flexure 
on  the  width  are  used.  In  the  range 
from  400  to  11,000  kc,  plates  vibrat¬ 
ing  on  a  thickness  shear  are  com¬ 
monly  used.  From  11,000  to  30,000 
kc  harmonic  crystals  are  employed. 
At  present  there  are  several  modifi¬ 
cations  of  these  classes  being  used 
for  special  military  purposes. 

Early  Cats 

In  manufacturing  a  quartz  oscil¬ 
lator  plate,  one  must  first  consider 
the  purpose  for  which  it  is  to  be 
used.  In  plates  used  to  control  the 
frequencies  of  radio  transmitters 
and  receivers,  the  most  important 
single  property  is  the  temperature 
coefficient.  In  plates  used  for  ultra¬ 
sonic  applications,  the  temperature 
coefficient  is  not  as  important  as  the 
activity  of  oscillation  and  mechani¬ 
cal  output  efficiency.  In  plates  used 
as  tuned  filters,  for  the  most  part, 
the  activity  is  not  as  important  as  in 
the  service  mentioned  above.  Activ¬ 
ity  'can  always  be  low.  In  some  cases 
a  low  temperature  coefficient  is  re¬ 
quired. 


First  of  all,  let  us  consider  the 
temperature  coefficient.  This  is  de¬ 
fined  as  the  fractional  change  in  fre¬ 
quency  per  unit  change  in  tempera¬ 
ture.  If  quartz  plates  are  to  be  used 
in  radio  transmitters  and  receivers 
in  any  part  of  the  world — at  the 
poles  or  at  the  equator — there  must 
be  very  little  change  in  their  fre¬ 
quency  with  change  of  temperature 
if  the  equipment  is  to  be  efficient.  In 
our  recent  African  Campaign, 
ground  troops  in  a  torrid  region  had 
to  be  in  constant  communication 
with  bombers  and  observation  planes 
up  in  the  stratosphere  at  sub-zero 
temperatures.  Obviously,  if  the  fre¬ 
quency  of  the  quartz  plates  used  in 
communications  gear  changed  exces¬ 
sively  with  temperature,  the  differ¬ 
ent  units  of  the  army  would  have 
been  unable  to  communicate. 


FIG.  3 — Quartz  plate  vibrating  "in  ehear" 
on  face  and  "in  shear"  on  thickness 


To  calculate  the  t.c.,  we  divide  the 
change  of  frequency  in  cycles  by  the 
product  of  the  frequency  of  the 
plate  in  cycles  and  the  Centigrade 
change  in  temperature  in  degrees.  If 
the  change  is  in  the  same  direction 
as  the  temperature  (i.e.  an  increase 
in  frequency  with  rising  tempera¬ 
ture  or  vice-versa)  the  t.c.  is  posi¬ 
tive.  If  the  frequency  and  tempera¬ 
ture  go  in  opposite  directions,  the 
t.c.  is  negative. 

To  be  a  good  radio  frequency  con¬ 
trol  device,  the  temperature  coeffi¬ 
cient  should  not  exceed  2x10  *  per 
degree.  Thus,  a  4  Me  plate  operating 
from  —30  to  +70“  C  with  a  change 
of  800  cycles  would  have  a  tempera¬ 
ture  coefficient 


_ frequency  change  in  cycles. 

frequency  of  plate  in  cycles  times  tem¬ 
perature  change  in  degrees  centigrade. 


800 

4  X  10*  X  100 


=  2  X  10-* 


In  general,  the  temperature  co(f- 
ficient  is  determined  by  the  angle  of 
cut,  the  size  and  shape  of  the  pla.e, 
and  the  precision  of  grinding  and 
mounting.  Most  emphasis  is  placed 
on  the  angle  of  cut. 

To  produce  piezo-electric  charges, 
one  must  exert  stress  either  in  the 
direction  of  the  X  (electric)  axes,  or 
the  Y  (mechanical)  axes.  This 
knowledge  was  used  in  cutting  the 
first  quartz  oscillator  plates,  which 
were  X-cut  plates  cut  perpendicular 
to  the  X-axis,  and  Y-cut  plates  cut 
perpendicular  to  the  Y-axis. 

The  first  plates  produced  were 
longitudinal  oscillators,  but  it  was 
not  long  before  thickness  oscillators 
were  used  for  the  high  frequencies. 
The  X  and  Y  cuts  had  very  poor 
t.c.’s,  the  X-cut  running  as  high  as 
50  parts  and  the  Y-cut  as  high  as 
100  parts.  Both  t3T)es  did  have  good 
activity  and  are  still  used  for  cer¬ 
tain  types  of  crystal  calibrators  and 
filters  and  are  useful  in  ultrasonic 
applications. 

Two  other  cuts  similar  to  the  X 
and  Y  cuts  are  the  AC  cut  (—31“  to 
the  Z),  and  the  BC  cut  (+60“  to  the 
Z).  The  AC  type  has  a  temperature 
coefficient  of  +20  and  the  BC  a 
temperature  coefficient  of  — 20.  They 
are  used  for  the  same  general  pur¬ 
poses  as  X  and  Y  cuts. 

Newer  Cuts 

Numerous  attempts  have  since 
been  made  to  improve  the  per¬ 
formance  of  quartz  oscillator  plates. 
It  was  soon  found,  for  example,  that 
crystals  cut  at  +35“  15'  to  the  Z 
axis,  or  —49“  to  the  Z  axis,  with  one 
side  kept  along  the  X-axis,  had  the 
very  low  temperature  coefficient  of 
=t3xl0  *.  The  first  of  these  is 
known  as  an  AT  and  the  latter  as  a 
BT  cut.  Both  are  used  as  high-fre¬ 
quency  radio  oscillators,  vibrating 
on  a  shear  of  the  thickness.  The  AT 
is  commonly  used  in  the  range  from 
400  to  4000  kc  and  the  BT  from  4000 
(Continued  on  page  252) 


Frequency*  ^ 

Where  K  is  ct  Frecnuency  cons+omt 
+  is  the  thickness 


FIG.  4 — Quartz  plate  vibrating  "in  zhear" 
on  thicknezs.  at  third  harmonic 
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ELECTRONICS 

Applied 
to  Heat 
Transfer 
Tests 


By  ROBERT  V.  BROWN 

Ca»e  School  of  Applied  Science 
Cleveland 


Electronic  circuits  for  maintaining  temperature  of 
heat  box  constant  employ  Wheatstone  bridge  and 
photoelectric  relay  circuits.  Accurate  temperature 
control  provided.  Power  for  heating  is  measured  by 
phototube  operated  trigger  circuit  which  actuates 
electric  counter.  Two  units  described  applicable  to 
other  measurement  and  control  problems 


Since  it  is  the  primary  purpose  of 
this  article  to  describe  two  instru¬ 
ments  developed  in  the  Heat-Trans¬ 
fer  Laboratories  of  Case  School  of 
Applied  Science  for  use  on  these 
units,  a  brief  description  of  only  one 
of  these  units,  the  guarded  hot  box, 
will  be  included.  For  further  infor¬ 
mation  on  either  method  of  test,  the 
above  references  may  be  consulted. 
While  the  heat  transfer  tests  for 
which  the  instruments  were  primar¬ 
ily  designed  may  appear  to  have 
limited  application,  the  principles 
they  embody  are  applicable  to  a  wide 
variety  of  different  uses. 

The  guarded  hot  box  unit,  shown 
in  Fig.  1,  consists  of  an  inner  box 
open  on  one  face  and  about  3  feet  in 


all  dimensions  with  walls  of  heat  in¬ 
sulating  material.  This  box  is  placed 
centrally  in  a  similarly  open  faced 
guard  box  with  insulated  walls  and 
with  its  open  face  in  the  same  plane 
as  the  open  face  of  the  guard  box. 
The  wall  whose  heat  transfer  char¬ 
acteristics  are  to  be  determined  is 
constructed  according  to  specifica¬ 
tions  and  is  used  as  one  wall  of  a 
cold  room  which  is  well  insulated  on 
its  other  walls  and  is  kept  cool  by  re¬ 
frigeration.  In  use  the  double  box 
unit  is  clamped  to  the  wall  under  test 
with  the  test  Avail  thus  forming  the 
sixth  wall  of  the  two  boxes.  The  test 
is  carried  out  by  lowering  the  tem¬ 
perature  of  the  cold  room  w’hile 
maintaining  the  temperature  in  the 


IG.  1 — Gucuded  hot  box  test  unit.  Tho 
j!er  and  inner  boxes  ore  made  flush 
llh  section  of  wall  under  test.  The 
frame  carrying  bridge  wires  in 
;s  inner  box  and  between  inner  and  outer 
-x::  are  erident  Fans  are  used  to 
air  circulation  and  prexent 
stratification 


NE  of  the  most  important  prop¬ 
erties  of  materials  affecting 
heir  use  as  heat  conducting  or  heat 
nsulating  elements  in  building  or 
pipment  construction  is  their  co- 
ifficient  of  heat  transfer.  This  coef- 
Icient  expresses  the  time  rate  of  heat 
pansfer  of  the  particular  material 
r  assembly  in  terms  of  a  unit  area 
nd  a  unit  temperature  difference 
Bnd,  for  certain  types  of  materials,  in 
Jsrms  of  a  unit  thickness.  To  deter- 
ine  these  coefficients,  two  types  of 
>t  equipment  are  used  and  are 
dfitd  in  Codes  set  up  by  the 
^lerican  Society  of  Heating  and 
entilating  Engineers  and  others.* 


The  two  types  of  equipment  are  de 
■wd  in  the  Jour.  Am.  Soc.  Heat,  and  FenI 
VoJ.  26.  No.  7,  Oct.  1920  and  Vol.  S3 
6.  May  1926.  The  former  referenc 
-rd).  the  guarded  hot  plate  used  fo 
'Tiiii  ing  the  heat  transfer  coefBclents  fo 
'Us  materials  such  as  asbestos  o 
"^>""1  sheets.  The  latter  reference  df 
inhis  the  guarded  hot  box  unit  which  i 
rii  determine  the  overall  heat  transfe 
ts  or  characteristics  of  samples  o 
construction  such  as  typical  brick  o 
construction. 
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FIG.  2 — Phototub*  relay  circuit  for  maintaining  conitont  temperature.  Any 
unbalance  oi  temperature  unbalances  the  bridge,  cutting  oli  light  from  phototube 
ond  actuotlBg  plate  circuit  relays 


guard  and  inner  boxes  at  or  above 
room  temperature  by  means  of  elec¬ 
trical  heating  elements  placed  in  the 
two  boxes.  With  these  conditions 
maintained,  a  flow  of  heat  from  the 
boxes  to  the  cold  room  is  set  up 
through  the  wall. 

Descriptiea  of  Georded  Hot  lex 
Eqaipment 

The  need  for  the  guard  box  sur¬ 
rounding  the  inner  box  may  be  un¬ 
derstood  if  it  is  noted  that  without 
the  guard  box  all  of  the  heat  (elec¬ 
trical  energy)  entering  the  inner  box 
will  flow  through  the  wall  to  the  cold 
room  only  if  the  inner  box  is  at  the 
same  temperature  as  the  room  in 
which  the  box  is  used.  If  this  is  not 
true  and  the  room  is  at  some  lower 
temperature,  for  instance,  some  of 
the  energy  supplied  to  the  inner  box 
would  flow  to  the  room  and  not 
through  the  wall  under  test.  Since 
it  is  sometimes  desirable  to  maintain 
the  inner  box  at  temperatures  other 
than  room  temperature,  a  guard  box 
whose  temperature  can  be  main¬ 
tained  at  the  temperature  of  the  in¬ 
ner  box  is  necessary.  The  guard  box, 
if  held  at  this  same  temperature,  thus 
serves  as  a  perfect  insulator  between 
the  inner  box  and  the  room  in  which 
the  equipment  is  used. 

From  the  above  it  is  evident  that 
such  a  test  can  be  conducted  accur¬ 
ately  only  if  the  guard  box  is  main¬ 
tained  at  the  same  temperature  as 
the  inner  box.  In  addition  to  main¬ 
taining  the  above  condition,  it  will 
be  necessary  in  conducting  such  a 
test  to  measure  accurately  the  energy 
supplied  to  the  inner  box,  to  measure 
the  temperature  of  the  air  and  test 
wall  surfaces  in  the  inner  box  and 
cold  room  and  to  know  the  area  of 
the  wall  covered  by  the  inner  box. 
Thermocouples  are  used  for  the  tem¬ 
perature  measurements.  The  two  in¬ 
struments  to  be  described  were  de¬ 
signed  to  hold  the  guard  box  tem¬ 
perature  the  same  as  the  inner  box 
temperature  and  to  permit  the  accur¬ 
ate  measurement  of  the  energy  to 
the  inner  box. 

Control  of  Guard  Box  Temperature 

The  inner  box  contains  an  electri¬ 
cal  heating  element  with  taps  from 
5  to  125  watts,  in  steps  of  5  watts 
each,  while  the  outer  box  contains 
two  fixed  heaters  of  400  and  80  watts 
maximum  respectively.  Both  of  the 


outer  box  heaters  are  supplied 
through  variable  auto-transformers 
or  Variacs,  while  the  tapped  inner 
box  heater  uses  the  full  110  volts  a.c. 
for  all  settings.  The  inner  heater  is 
set  to  maintain  any  desired  tempera¬ 
ture  in  the  inner  box  while  the  400 
watt  heater  transformer  is  set  to 
hold  the  outer  box  temperature 
slightly  below  the  temperature  of  the 
inner  box.  The  80  watt  heater  in  the 
guard  box  temperature  has,  as  its 
maintain  the  temperature  in  both 
boxes  the  same. 

The  instrument  which  controls  the 
guard  box  temperature  has,  as  its 
detecting  element,  a  Wheatstone 
bridge  of  four  equal  arms  of  approxi¬ 
mately  100  ohms  each  made  up  of 
enamel  covered  iron  thermocouple 
wire.  Two  of  the  opposite  elements 
or  arms,  as  shown  in  Fig.  2,  are 
wound  on  a  light  wooden  frame  and 
hung  in  the  inner  box  while  the 
other  two  arms  are  similarly  placed 
in  the  guard  or  outer  box,  A  bal¬ 
ancing  resistor  is  also  placed  in  the 
circuit  to  correct  for  slight  inequal¬ 
ities  in  the  resistance  of  the  four 
arms  of  the  bridge.  This  type  of  de¬ 
tecting  element  has  a  particular  ad¬ 
vantage  in  its  low  heat  capacity  mak¬ 
ing  it  ideal  for  rapid  and  sensitive 
response  to  slight  temperature 
changes.  In  addition,  since  the  four 
arms  may  be  wound  with  compara¬ 
tively  wide  spacings,  the  elements 
fill  a  reasonably  large  volume  of  the 
boxes  assuring  a  good  average  tem¬ 


perature  for  each  of  the  boxes. 

The  bridge  is  supplied  from  a  sin 
gle  dry  cell  while  the  unbalance 
across  the  bridge  is  detected  by  a 
Leeds  and  Northrop  Type  2420  lamj 
and  scale  galvanometer.  For  contr  1 
purposes  this  galvanometer  has  txt;; 
fitted  with  an  RCA  924  phototui? 
which  has  been  mounted  inside  !•  -= 
galvanometer  box  in  such  a  manne 
that  it  intercepts  the  light  btam 
when  the  galvanometer  deflects  In 
one  direction.  A  six-prong  '  k  : 
has  been  provided  on  the  side  of  tre 
galvanometer  box  and  carries  c 
six  wires  of  the  lamp,  galvanome  -r 
and  phototube  circuits.  This 
rangement  and  also  the  fact  that  ”  ^ 
phototube  is  removable  permit  plup 
ging  the  operating  control  circu: 
into  the  galvanometer  box  with  th: 
least  difficulty  and  still  leaves  the  . 
vanometer  free  for  other  uses. 

The  operating  control  circui; 
shown  in  Fig.  2  consists  simply  of 
electronic  phototube  relay  whic 
under  control  of  the  galvanom<  '  ' 
light  beam,  operates  or  releases 
sensitive  relay.  This  relay  in  tuv: 
controls  another  heavier  duty  ft 
with  two  poles.  One  of  the  poles  ‘ 
used  to  supply  or  disconnect  11' 
power  to  a  suitable  outlet  on  the 
trol  box  which  in  use  is  connected 
the  80- watt  heater  of  the  guard  ; 
The  other  pole  is  used  as  a  shunti: 
or  short-circuiting  device  across 
similar  outlet  on  the  box.  This  sh  : 
ing  arrangement  is  used  when  wor 
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which  was  painted  on  its  inner  sur¬ 
face  with  black  paint.  The  photo¬ 
tube  is  connected  to  a  suitable  elec¬ 
tronic  amplifier  and  counting  circuit. 
Fig.  3,  which  counts  the  revolutions 
of  the  watthour  meter  as  detected 
by  the  rotating  mirror.  The  main 
features  of  the  counting  circuit  in¬ 
clude  a  General  Radio  Type  631-Pl 
Strobotron  tube  which  is  of  the  cold 
cathode  trigger  type  and  a  Cenco  No. 
73611  high  speed  high  resistance 
counter.  The  operation  of  the  circuit 
is  such  that  for  every  revolution  of 
the  meter  disc  and  mirror,  the  photo¬ 
tube  initiates  an  impulse  which  trig¬ 
gers  the  Strobotron  and  registers  on 
the  counter.  An  adjustment  is  neces- 


FIG.  3 — Schamotic  diagram  oi  light  actuotad  impulia  countar,  usad  with  small 
wottmatar  to  racord  total  amount  oi  anargy  ior  haating  tha  tast  boxas 

FIG.  4 — Photograph  of  powar  maosuring  instrumant.  Phototuba  and  light  sourca 
ora  mountad  within  gloss  casa  of  matar  which  is  paintad  black 


ing  with  the  guarded  hot  plate  unit 
whose  heater  circuits  differ  slightly 
from  those  of  the  guarded  hot  box 
unit.  The  operating  control  circuit 
includes  a  voltage-doubler  rectifier 
and  power  supply  for  the  phototube 
and  vacuum  tubes,  a  6-v  transformer 
power  supply  for  the  galvanometer 
lamp,  a  battery  and  switch  for  the 
bridge  circuit  (not  shown  in  the  fig¬ 
ure)  and  a  rheostat  for  varying  the 
galvanometer  sensitivity  (also  not 
shown).  In  operation  the  control 
system  is  so  connected  to  the  hot  box 
bridge  that  if  the  guard  box  is 
warmer  than  the  inner  box,  the 
power  to  the  80-w’att  heater  in  the 
guard  box  is  cut  off.  If  the  reverse, 
heat  is  added  to  the  guard  box. 

In  addition  to  the  above  arrange¬ 
ment  which  applies  to  the  hot  box 
unit,  the  control  box  also  has  a  set 
of  binding  posts  connecting  directly 
with  the  galvanometer  which  per¬ 
mits  the  unit  to  be  used  with  a  ther¬ 
mocouple.  This  makes  the  unit 
rather  general  in  its  applications  and 
not  limited  to  use  with  the  above 
equipment  since  either  a  d-c  bridge 
or  a  thermocouple  may  be  used  as  a 
detecting  element. 

Measurement  of  Power 

It  may  be  seen  that  in  the  use  of 
the  guarded  hot  box  it  is  necessary 
to  measure  the  power  to  the  inner 
box  accurately  since  this  power 
represents  the  energy  passing 
:  thr(*ugh  the  test  wall  in  the  form  of 
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heat.  In  addition,  since  such  tests 
usually  take  a  comparatively  long 
time  to  run,  it  is  also  most  conven¬ 
ient  if  the  power  can  be  measured 
continuously  and  cumulatively.  It 
is  unnecessary  to  measure  the  power 
to  the  guard  box  although  all  the 
heater  circuits  have  been  wired 
through  4-prong  sockets  into  which 
wattmeters  may  be  plugged  to  read 
and  adjust  the  power  to  the  different 
heaters. 

The  other  instrument  to  be  de¬ 
scribed  w'as  developed  to  measure 
the  power  to  the  inner  box  contin¬ 
uously  and  accurately.  It  consists 
essentially  of  a  General  Electric 
Type  I-30-A  watthour  meter.  This 
meter  is  of  the  type  normally  used 
with  current  transformers  and  has 
a  2.5  ampere  current  coil  which  is 
used  directly  in  this  case  giving 
the  low  w^atthour  meter  constant  of 
0.3  w'atthour  per  revolution.  As 
used  in  this  application,  the  register 
dials  were  removed  and  a  small  plane 
mirror  glued  to  the  rotating  shaft 
of  the  meter.  In  the  place  occupied 
by  the  register  dials,  a  small  light 
source  and  phototube  were  mounted. 
The  light  source  is  a  2.2-v  “Penlite” 
or  “Lenslite”  flashlight  bulb  which 
has  a  fairly  concentrated  beam.  The 
phototube  used  was  an  RCA  923 
with  the  base  removed  although  the 
924  type  might  be  preferable  due  to 
its  smaller  size.  Both  the  light  source 
and  the  phototube  are  mounted 
within  the  glass  case  of  the  meter 


sary  and  is  provided  in  the  circuit  to 
adapt  the  counting  circuit  for  meas¬ 
urements  of  small  powers  (25  watts 
or  less)  where  the  disc  rotates  very 
slowly  and  of  larger  powers  (300 
watts)  where  the  meter  rotates 
much  more  rapidly. 

In  use  on  the  guarded  hot  box  test, 
the  meter  measures  the  power  to  the 
inner  box  only  and  it  does  so  con¬ 
tinuously  and  automatically.  The 
adjustment  of  the  inner  box  heater 
by  taps  rather  than  by  transformer 
control  was  to  permit  the  meter  to 
measure  at  its  rated  voltage  of  110 
volts  at  all  setting  of  the  heater. 

This  equipment,  watthour  meter, 
counter,  power  supply  and  tube  cir¬ 
cuit  all  mounted  as  a  single  unit  as 
shoA\Ti  in  Fig.  4  may  be  used  for 
any  other  power  measurements 
within  its  range.  As  such  it  is  a  rela¬ 
tively  inexpensive  and  rugged  power 
measuring  instrument  which  may  be 
easily  calibrated  against  the  more 
expensive  rotating  watthour  meter 
standard  which  would  be  necessary 
in  its  place. 
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Electricity  meters,  commonly 
used  for  measuring  electrical 
energy  sold  to  users,  measure  the 
product  of  power  and  time.  To  test 
such  a  meter  for  basic  accuracy  re¬ 
quires  measuring  two  quantities. 
Since  time  is  easily  measured  to  high 
accuracy,  it  is  common  practice  to 


The  device  to  be  described  per¬ 
forms  the  required  operations  auto¬ 
matically  by  electronic  means. 

Basic  Systam 

The  apparatus  illustrated  in  Fig. 
1  is  applied  to  a  standard  wattmeter 
of  the  null  deflection  type  and  may 
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current  calibration  problems.  A  dia¬ 
gram  showing  the  complete  circuit 
is  shown  in  Fig.  2. 

The  “eye”  part  consists  of  a  mir¬ 
ror  which  receives  a  beam  of  light 
from  a  lamp,  two  phototubes  and  a 
shutter  vane  which  is  carried  on  the 
meter  mechanism.  This  vane  swings 
in  front  of  the  mirror  close  to  the 
lamp,  forming  an  optical  lever  to 
magnify  the  motion  of  the  moving 
coil,  and  controls  the  light  on  the 
phototubes.  The  distance  between 
the  lamp  and  phototube  is  made 
small  in  order  to  give  good  illumi¬ 
nation  with  a  small,  long-life  lamp. 
The  shutter  width,  and  spacings,  are 


hold  power  constant  and  measure  be  said  to  contain  three  functional  chosen  so  that  each  tube  is  just 
time.  This  practice  is  also  justified  parts,  corresponding  to  an  oper-  half-illuminated  when  the  load  is 
by  the  fact  that  errors  are  a  function  ator’s  eye,  brain,  and  hand.  The  normal. 

of  the  power  measured  rather  than  same  principle  is  readily  applied  The  phototubes  are  connected  in 
time.  with  structural  variations  to  other  series  and  the  lamp  position  is  ad- 

Some  types  of  demand  meters  forms  of  a-c  wattmeters  or  to  direct  justed  until  no  current  flows  from 


may  require  test  periods  up  to  fif¬ 
teen  minutes,  other  types  to  one 
hour.  When  such  tests  are  performed 
manually,  an  operator  observes  the 
motion  of  the  pointer  on  a  standard 
wattmeter  and  by  adjusting  a  rheo¬ 
stat  controls  a  portion  of  the  total 
test  load  to  correct  for  the  small 
variations  arising  from  voltage  fluc¬ 
tuations,  resistor  heating,  and  other 
causes. 

The  operator  learns  by  experience 
that  in  order  to  keep  the  average 
of  the  load  constant  he  must  try  to 
compensate  for  the  transient  vari¬ 
ations  by  briefly  applying  a  greater 
correction  than  the  deviation,  the 
operator  thus  mentally  averaging 
the  peaks  and  dips.  This  is  a  some¬ 
what  tedious  operation  involving 
both  judgment  and  eye-strain.  The 
result  is  that  the  accuracy  of  the 


test  is  somewhat  lower  than  the 
accuracy  of  the  standard  used. 


FIG.  2 — Schematic  wirinq  diagram  oi  the  electronic  circuit  for  testing 
and  calibrating  meters 
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Load  Regulator 

for  METER  TESTING 


Electronic  method  of  calibrating  watt-hour  meters  saves  manpower  and  increases  preci¬ 
sion  of  calibration.  Method  employs  phototube  and  amplifying  circuit  for  making  com¬ 
parisons  between  meter  under  test  and  precision  instrument 


FIG.  3 — Detail  view  of  the  electronic  calibrating  device 


the  junction  of  the  phototubes  when 
the  wattmeter  is  in  the  normal  posi¬ 
tion  for  the  load  desired.  With  this 
arrangement,  the  current  output  of 
the  phototubes  is  proportional  to  the 
displacement  of  the  wattmeter  ele¬ 
ment  from  the  normal  position.  Thus 
the  electric  eye  converts  a  mechani¬ 
cal  deviation  into  a  current. 

The  “brain”  of  the  device  is  a  net¬ 
work  of  resistors  and  capacitors, 
connected  between  the  junction  of 
the  phototubes  and  the  grid  of  the 
tube  Vx  as  shown  in  Fig.  2.  The  cur¬ 
rent  flowing  through  this  circuit 
sets  up  a  potential  difference  which 
operates  the  remainder  of  the  de¬ 
vice. 

Cireait  Details 

The  tube  F,  and  the  parts  follow¬ 
ing  it  in  the  circuit  produces  a  cor¬ 
rection  component  for  the  variation 
in  the  load  on  the  meters,  the  cor¬ 
rection  being  proportional  to  the 
change  in  grid  voltage  of  the  tube 
from  its  normal  value. 

Since  the  meter  illustrated  is  a 
wattmeter  the  correction  can  be  ap¬ 
plied  either  to  the  voltage  or  the  cur¬ 
rent  circuit.  In  practical  use  the  vol¬ 
tage  is  kept  relatively  constant  while 
the  current  is  the  variable  element. 
By  applying  the  correction  in  the 
current  circuit,  the  correcting  torque 
on  the  moving  element  can  be 
made  proportional  to  the  correction. 
This  means  that  the  torque  resulting 
from  a  correcting  current  will  be 
dependent  upon  the  product  of  the 
correcting  current  and  the  voltage 
and  thus  will  be  proportional  to  cor¬ 
recting  current  but  independent  of 
load  current  value.  This  simplifies 
the  operation  considerably  as  the 
gain  of  the  amplifier  does  not  need 
to  be  re-adjusted  for  every  load 
change. 


The  tube  Fi  is  part  of  a  bridge 
circuit  made  up  of  its  cathode  resis¬ 
tor  Ri  and  the  resistors  i?,  and  /?*. 
Normally  the  cathode  is  at  about 
the  same  potential  as  the  junction 
of  Rt  and  R.  and  the  grid  bias  is  at 
a  value  corresponding  to  a  plate 
resistance  of  20,000  ohms. 

Any  change  in  grid  bias  causes 
a  direct  current  to  flow  from  the 
center  tap  of  the  2.5  volt  winding 
of  the  transformer  Ti  to  the  center 
tap  primary  of  T..  This  current  un¬ 
balances  the  Rectox  bridge  through 
which  it  flows,  and  the  a-c  voltage  is 
applied  to  T,  primary.  When  the  di¬ 
rect  current  input  on  the  Rectox 
bridge  reverses,  this  bridge  which 
has  non-linear  resistance  character¬ 
istics  becomes  unbalanced  in  the  op¬ 
posite  direction.  The  output  of  the 
amplifying  tubes  V,  and  V,  is  made 
proportional  to  the  grid  voltage  of 


Vi  by  a  choice  of  operating  condi¬ 
tions  and  the  output  transformer 
r,  steps  up  the  alternating  voltage 
to  a  value  suitable  to  apply  to  the 
meter  coils.  The  secondary  side  of 
this  transformer  is  connected  across 
the  current  coils  of  both  the  stand¬ 
ard  and  the  test  meters,  where  an 
electromotive  force  of  only  a  few 
volts  is  required.  With  this  connec¬ 
tion  most  of  the  correction  current 
component  flows  through  the  meter 
coils  and  but  little  through  the  load 
impedance. 

The  condenser  shown  across  the 
secondary  winding  of  T,  is  to  cor¬ 
rect  the  phase  angle  error  and  im¬ 
prove  the  wave  form.  It  will  be  noted 
that  the  cathode  resistors  for  tubes 
V,  and  V,  are  not  by-passed.  This 
is  to  provide  current  feed-back  to 
insure  a  good  wave  form  in  their 
i Continued  on  page  254) 
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WHEN  a  shunt  motor  is  designed 
to  be  operated  at  higher  than 
base  speed  by  reduced  field  current, 
the  field  may  be  supplied  with  vari¬ 
able  excitation  from  a  grid  controlled 
thyratron  rectifier  similar  to  that  of 
the  armature  circuit  and  independ¬ 
ently  adjustable. 

If  the  field  voltage  be  accepted  as 
an  indication  of  field  flux  (which  is 
not  an  exact  relation  because  of  the 
non-linearity  between  flux  and  cur¬ 
rent  due  to  saturation,  because  of 
field  distortion  due  to  armature  flux, 
and  because  of  field  resistance 
change  with  temperature)  then  the 
means  for  controlling  the  reduction 
in  field  excitation  may  be  patterned 
after  the  armature  voltage  contrbf*^ 
circuit  which  is  shown  in  Fig.  1. 
Grid  phase  control  of  the  output  vol¬ 
tage  of  the  field  thyratrons,  and 
hence  field  excitation,  may  be  varied 
by  using  another  saturable  reactor- 
resistor  bridge  circuit  and  exciting 
the  d-c  winding  of  the  saturable  re¬ 
actor  through  a  vacuum  tube  from 
the  150/75  volt  control  bus.  This  ■" 
field  control  circuit  is  shown  in  Fig. 

2.  Electrical  feed-back  of  the  field 
voltage  signal  will  serve  to  maintain 
a  preset  level  of  field  excitation  in¬ 
dependent  of  a-c  line  voltage  varia¬ 
tions.  For  more  precise  control,  field 
current  instead  of  field  voltage  should 
be  used  as  the  signal;  this  could  be 
done  by  an  anode  current  trans- 
former  and  rectifier  connected  to 
read  anode  current  in  the  field 


]^G.  1 — AnnatuTs  and  axcitatton  control  circuits  with  Toltaqe  drop  compensation 
FIG.  2 — ^Held  excitation  and  control  circuits  — ' 


Electronic  Control  of 


The  thiurd  installment  of  this  series  on  industrial  electronics 
deals  with  methods  of  extending  the  speed  range  of  d-c 


read  anode  current  in  the  field 
thyratrons. 

When  the  field  excitation  is  re¬ 
duced,  the  ratio  between  speed  and 
armature  counter  electromotive  force 
is  changed  in  such  a  way  that  the 
armature  must  rotate  at  a  higher 
speed  in  the  weaker  field  in  order  to 
generate  the  same  counter  emf.  It  is 
the  reduction  in  counter  emf  accom¬ 
panying  a  reduction  in  field  strength 
which  allows  an  excess  of  current  to 
flow  in  the  armature  conductors  and 
produces  the  extra  torque  necessary 
to  increase  the  motor  speed  to  the 
new  level  at  which  speed  the  counter 
emf  is  again  sufficient  to  limit  the 
armature  current  to  the  value  re¬ 


quired  to  maintain  this  speed.  A 
given  preset  speed  level  is  main¬ 
tained  relatively  constant  by  grid 
phase  control  of  the  armature  thyra¬ 
trons  as  they  automatically  phase  ad¬ 
vance  to  compensate  for  voltage  drop 
accompanying  changes  in  armature 
current.  Speed  is  not  regulated  by 
changes  in  field  excitation;  speed  is 
only  preset  to  new  levels  at  which  it 
is  regulated  by  armature  voltage 
control.  Hence,  when  the  armature 
thyratrons  are  phased  full  on  and 
the  armature  voltage  has  been  in¬ 
creased  to  the  limit  determined  by 
the  a-c  anode  voltage  there  can  be  no 
further  speed  regulating  action. 


Single  Dial  Control  of  Ovor-all  Spend 
Range 


For  purposes  of  consistency,  the  symbols 
employ^  in  this  article  are  &ose  commonly 
used  in  communication  circuits. — Editor. 


When  the  speed  of  the  motor  is 
controlled  by  variations  in  armature 
voltage  only,  as  determined  by  the 
setting  of  the  armature  voltage  con¬ 
trol  potentiometer,  the  motor  field 


excitation  should  be  maintained  at 
rated  value  if  the  motor  is  to  develop 
rated  torque.  Then,  when  the  speed 
range  is  extended  by  field  weakening 
as  determined  by  the  setting  of  the 
field  voltage  control  potentiometer 
the  armature  counter  emf  should  re¬ 
main  at  rated  value  if  the  motor  is  to 
develop  constant  rated  horsepower. 
Except  for  special  control  charac¬ 
teristics  there  is  no  occasion  to  have 
these  two  controls  overlapping  so 
that,  for  example,  the  field  is  weak¬ 
ened  long  before  the  armature  coun¬ 
ter  emf  is  brought  up  to  rated  value. 
Therefore,  the  two  control  potentio¬ 
meters  can  be  ganged  on  one  shaft  if 
the  armature  voltage  control  poten¬ 
tiometer  is  so  constructed  that  its 
entire  variable  resistance  range  is 
compressed  within  the  first  150  deg 
of  shaft  rotation  and  the  slider  con¬ 
nects  to  a  conducting  segment  over 
the  remaining  150  deg  of  shaft  ro¬ 
tation,  and  if  the  field-voltage  con- 
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rol  potentiometer  is  so  constructed 
hat  its  slider  rides  on  a  conducting 
t-^rment  during  the  first  150  deg  of 
haft  rotation  and  rides  on  the  re- 
-tance  portion  during  the  remain- 
Gg  150  deg.  These  dual  potentiometer 
ircuits  are  diagrammed  in  Fig.  3. 
One  objection  to  the  dual  speed 
ntrol  arrangement,  if  used  with- 
it  supplementary  control  devices,  is 
hat  if  the  speed  control  were  preset 
1  a  speed  in  the  weak-field  range, 
he  field  excitation  would  be  main- 
ained  at  this  reduced  value,  so  that 
0  develop  rated  torque  while  ac¬ 
celerating  a  load  the  armature  cur- 
ent  would  have  to  be  excessively,  if 
S't  prohibitively,  high.  Also,  full 
feltage  would  be  applied  to  the  arma- 
11  re  at  standstill  which  would  result 
n  abnormally  high  starting  current. 

Armatar*  Carr«nt  Limit 

An  armature  current-limit  control 
e  provided  so  that  the  speed  control 
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potentiometer  can  be  preset  to  any 
desired  speed,  the  starting  sequence 
initiated,  and  the  motor  brought  up 
to  that  speed  level  smoothly  without 
exceeding  a  predetermined  armature 
current.  In  other  words,  the  motor 
is  accelerated  uniformly  from  stand¬ 
still  to  preset  speed  under  conditions 
of  constant  armature  current  in  the 
quickest  possible  time  consistent 
with  that  value  of  armature  current 
and  the  load  on  the  motor.  This  same 
current  limit  functions  on  overload 
to  prevent  the  armature  current 
from  exceeding  this  maximum  value 
even  under  stalled  conditions.  (The 
overload  relay  or  fuses  open  the 
armature  circuit  before  damage  to 
the  motor  if  the  stalled  or  overload 
condition  is  maintained.) 

If  a  d-c  shunt  motor  is  to  be  used 
to  accelerate  a  high-inertia  load  as 
quickly  as  possible,  from  standstill 
to  maximum  motor  speed,  the  field 
should  initially  be  at  full  excitation 


and  the  armature  voltage  should  be 
initially  at  that  reduced*  value  which 
will  permit  the  flow  of  only  the 
maximum  armature  current  for 
which  the  motor  is  rated.  Assuming 
that  this  value  of  armature  current 
will  be  sufficient  to  break-away  the 
load,  the  armature  will  begin  to  ro¬ 
tate  and  the  armature  current  will 
tend  to  be  reduced  due  to  the  in¬ 
creasing  counter  emf  generated  by 
the  rotation  of  the  armature  conduc¬ 
tors.  To  maintain  this  maximum 
permissible  current  level,  the  arma¬ 
ture  voltage  should  be  increased  in 
proportion  as  the  armature  counter 
emf  tends  to  reduce  the  current;  in 
other  words,  as  the  speed  increases 
the  armature  voltage  should  be  in¬ 
creased  in  proportion.  This  process 
should  continue  until  rated  counter 
emf  is  reached,  at  which  point  the 
armature  current  tends  to  decrease 
to  the  level  demanded  by  the  load 
at  this  “basic”  speed.  If  the  field 
current  is  now  weakened,  which  re¬ 
duces  the  counter  emf  at  that  speed, 
the  armature  current  will  increase 
and  will  tend  to  cause  the  motor 
speed  to  increase  until  the  armature 
counter  emf  is  again  sufficient  to 
limit  the  armature  current  to  the 
value  necessary  to  drive  the  load  at 
this  increased  speed  level.  Hence,  to 
increase  the  motor  speed  by  field 
weakening  and  yet  maintain  that 
maximum  permissible  armature  cur¬ 
rent  for  which  the  machine  is  rated, 
the  field  should  be  weakened  only  in 
proportion  as  the  increase  in  speed 
builds  up  the  counter  emf  which 
tends  to  reduce  the  armature  cur¬ 
rent.  When  the  field  weakening 
process  is  halted,  the  motor  will  op¬ 
erate  at  that  speed  level  which  cor¬ 
responds  to  the  reduced  value  of  field 
current.  These  optimum  accelerat¬ 
ing  conditions  are  fulfilled :  (1)  When 
an  armature-current  signal  is  used 
to  force  and  maintain  full-field  ex¬ 
citation,  regardless  of  any  weak- 
field  setting  of  the  field-voltage 
speed-control  potentiometer.  (2)  At 
the  same  time,  the  armature  current 
is  maintained  at  the  constant  cur¬ 
rent-limit  value  throughout  the 
armature  voltage  control  range.  (3) 
When  this  same  armature  current 
signal  is  used  to  govern  the  decrease 


FIG.  3 — SingU  diaL  dual  unit  speed  control  potentiometers  for  armature  and 

field  circuits 
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FIG.  4 — Current  limiter  added  to  ormoture  roltage  control 


in  field  current  as  the  acceleration 
continues  into  the  field-weakened 
range. 

This  current-limit  control  is  one 
which  is  inoperative  from  zero  cur¬ 
rent  up  to  the  preselected  current  at 
which  current  limit  is  to  become  ef¬ 
fective;  otherwise,  the  amount  of 
current  would  be  continually  taper¬ 
ing  the  constant-speed  control.  When 
it  comes  into  play  the  current-limit 
action  takes  over  sharply,  that  is,  as 
near  the  preselected  value  of  current 
as  possible,  and  exercises  its  control 
function  from  top  speed  to  stall  with 
only  a  small  increase  in  armature 
current  above  the  preselected  level. 
The  value  of  current  at  which  cur¬ 
rent  limit  becomes  effective  is 
usually  adjustable  over  a  band  of, 
say  100  percent  to  200  percent  rated 
armature  current  so  as  to  provide 
for  different  motor  applications. 

Since  a  signal  of  d-c  voltage  pro¬ 
portional  -  to  -  armature  -  current  has 
been  made  available  for  IR  drop 


compensation,  this  same  voltage 
source  can  be  used  for  armature 
current-limit  control.  In  Fig.  4  is 
shown  the  method  by  which  current 
limit  is  added  to  the  armature  con¬ 
trol  circuit.  To  make  the  current 
limit  inoperative  until  a  certain 
value  of  armature  current  is  reached, 
a  preselected  portion,  e,  of  the  d-c 
volts  -  proportional  -  to  -  armature  - 
current  signal  is  compared  against 
the  voltage  standard,  E,  of  tube  B. 
Then,  the  voltage  difference  between 
the  signal  voltage  and  the  standard 
voltage  is  “sensed”  (signal  less  than 
standard,  equal  to  standard,  or 
greater  than  standard)  by  the  grid 
action  of  tube  E  and  amplified  by 
this  same  triode.  Finally,  the  ampli¬ 
fied  signal  is  superimposed  on  the 
armature  voltage  control  triode,  tube 
C,  by  connecting  the  anode  of  tube  E 
to  the  anode  of  tube  C.  Whichever 
of  tubes  C  or  E  “works  the  hardest” 
controls  the  shutting-off  action  on 
tube  D  which  controls  the  armature 


voltage  (and  hence  the  current 
In  the  circuit  of  Fig.  4,  the  cai 
ode  of  tube  E  is  connected  to  tr 
positive  end  of  voltage  stan  la 
tube  B,  and  the  negative  terminal 
tube  B  is  common  to  the  negati\ 
end  of  the  d-c  voltage  signal 
volts  -  proportional  -  to  -  armature 
current,  and  the  positive  end  of  th 
d-c  signal  voltage  is  coftnected  t 
the  grid  of  tube  E.  Whenever  xi 
d-c  volts-proportional-to-arma  t  u  r 
current  is  less  than  the  voltage  c 
tube  B,  the  grid  of  tube  E  will  b 
very  much  negative  relative  to  it 
cathode  and  tube  E  will  be  no 
conducting  and  inoperative.  Limit 
tion  of  current  to  150  percent  rat 
armature  current  requires  that, 
160  percent  armature  current,  tb 
signal  voltage  e,  of  d-c  volts-propc 
tional-to-armature-current,  must  b 
preselected  to  be  approximately  eq, 
to  the  75  volts  drop,  E,  across  reg 
lator  tube  B.  As  this  chosen  value  c 
armature  current  is  reached,  ar 
hence  as  the  d-c  signal  voltage, 
proportional  to  armature  current  a 
proaches  76  volts,  a  point  will  b 
reached  when  the  grid  of  tube  E  w 
be  sufficiently  less  negative  that  tu 
E  begins  to  conduct  current  throut 
resistor  Rt.  This  is  the  same  resist 
through  which  the  armature  voltag 
control  triode,  tube  C,  conducts  ci 
rent  to  control  tube  D,  so  that  ad 
tional  current  through  iJ,  via  tube 
has  the  same  effect  as  though  tube 
conducted  more  current,  i.e.,  it  mat 
tube  D  less  conducting,  which  d 
saturates  the  saturable  reactor 
the  armature  thyratron  and  retar 
grid  phase  so  as  to  reduce  the  arn 
ture  voltage  and  current.  Thus,  t 
tube  (C  or  E)  which  determines  tb 
controlling  current  through  Rt  a! 
governs  the  degree  of  saturation  c 
the  armature  saturable  reactor,  SR^ 
The  two  controls,  armature  volta 
vs  armature  current  limit,  are  or 
additive  in  the  sense  that,  in  a  ver 
small  region  of  overlapping  fui 
tions,  tube  C  gradually  gives  up  wh 
tube  E  takes  over ;  this  because  tul 
C  is  operative  most  of  the  time  a: 
tube  E  takes  over  only  after  tb' 
armature  current  has  increased  b 
the  preselected  value.  Of  the  t\v 
control  signals,  voltage  vs  currer: 
only  that  which  is  dominant  does  tb 
controlling.  Also,  the  armature  v  ! 
tage  control  triode,  tube  C,  c  inr 
take  control  away  from  the  currer 
limit  triode,  tube  E,  until  the  arn- 
ture  current  has  dropped  below  of 
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rent  limit  value  and  has  thus  ren¬ 
dered  tube  E  inoperative. 

The  circuit  of  Fig.  5  shows  how 
armature  current  limit  is  applied  to 
the  field-voltage-control.  The  general 
scheme  is  similar  to  the  armature 
current  limit  control  of  Fig.  4  in 
that  the  d-c  voltage-proportional- 
to-armature-current  is  compared 
against  a  reference  voltage  and  the 
difference  voltage  is  applied  to  tube 
EE  which  acts  on  the  saturating  cir¬ 
cuit  of  the  saturable  reactor  of  the 
field  thyratron.  However,  in  this  in¬ 
stance  of  field  weakening  control 
there  are  two  distinct  differences  in 
the  action  of  tube  EE  compared  to 
tube  E:  (1)  an  increase  in  armature 
current  beyond  a  predetermined 
amount  must  increase  the  field 
strength  by  saturating  the  saturable 
reactor  of  the  field  thyratron  (where¬ 
as  with  armature  voltage  control  an 
increase  in  armature  current  necessi¬ 
tated  a  decrease  in  saturation  of  the 
reactor  of  the  armature  thyratron)  ; 
and  (2)  the  reference  voltage  against 
which  the  signal  of  d-c  volts-propor- 
tional-to-armature-current  is  com¬ 
pared  is  not  the  constant  voltage,  E, 
of  regulator  tube  B  but  rather  is  the 
slightly  variable  voltage,  e,  between 
the  grid  of  tube  DD  and  the  nega¬ 
tive  bus,  which  voltage  is  in  itself 
referred  to  the  standard  voltage,  E, 
of  tube  B.  In  Fig.  6  are  compared 
the  current  limit  controls  as  applied 
to  armature  voltage  and  field  voltage 
control  circuits. 

Referring  again  to  Fig.  5,  the 
field-forcing  triode,  tube  EE  (which 
is  associated  with  armature  current 
control  of  field  weakening),  has  its 
plate  connected  to  the  positive  con¬ 


trol  bus  and  its  cathode  connected 
to  the  grid  of  tube  DD  and  the  vol¬ 
tage  divider  composed  of  Rv,  and 
Rtg.  Turning  on  field  forcing  tube 
EE  will  cause  point  17  to  become 
more  positive  with  respect  to  point 
6  so  as  to  make  tube  DD  and  the  field 
thyratrons  more  conducting  to  in¬ 
crease  the  saturation  of  the  field 
reactor  and  strengthen  the  field. 

During  normal  operation  and 
prior  to  current  limit  the  grid  of 
tube  DD  is  a  few  volts  negative  with 
respect  to  its  cathode,  which  cathode 
is  at  the  potential  of  the  neutral 
control  bus,  point  6.  How  much  or 
how  little  negative  this  is  depends 
on  the  extent  to  which  tube  DD  is 
rendered  conductive  as  determined 
by  the  setting  of  the  field  voltage 
control  potentiometer.  Hence,  the 
grid  of  tube  DD  is  positive  with  re¬ 
spect  to  the  negative  control  bus, 
point  7,  by  a  voltage  which  is  almost, 
but  not  quite,  equal  to  the  voltage 
drop  E  across  tube  B.  Since  the 
cathode  of  tube  EE  is  connected  to 
the  same  point  (17)  as  the  grid  of 
tube  DD,  the  cathode  of  tube  EE  is 
maintained  positive  with  respect  to 
common  point  7  by  a  voltage  almost 
equal  to  E.  The  grid  of  field  forcing 
tube  EE  is  connected  to  the  arma¬ 
ture  current  signal  voltage,  e,  so  that 
whenever  e  is  less  than  the  reference 
voltage,  across  R„,  the  grid  of  tube 
EE  is  highly  negative  with  respect 
to  its  cathode  and  tube  EE  is  ren¬ 
dered  sufficiently  non-conducting  to 
be  inoperative.  Only  when  the  signal 
voltage  e,  has  increased  to  within  a 
few  volts  of  the  reference  voltage 
across  R„  will  tube  EE  commence  to 
operate.  As  the  signal  voltage,  e. 


continues  to  increase,  the  field  forc¬ 
ing  tube  EE  is  made  more  conduc¬ 
ting  which  tends  to  make  the  grid  of 
tube  DD,  more  positive  and  there¬ 
by  cause  an  increase  in  satur¬ 
ating  current  in  SRF.  Thus,  an  in¬ 
crease  in  armature  current  beyond  a 
preselected  limit  will  cause  the  field 
excitation  to  be  increased  regardless 
of  the  setting  of  the  field-voltage  con¬ 
trol  potentiometer. 

Overload 

Figure  6  is  constructed  to  exag¬ 
gerate  the  fact  that  the  cathode, 
(point  17)  of  field  forcing  tube  EE 
is  normally  at  a  less  positive  poten¬ 
tial  than  the  cathode  (point  6)  of 
armature  current  limit  tube  E.  By 
this  means,  field-forcing  tube  EE  is 
caused  to  act  slightly  ahead  of  ar¬ 
mature  current-limit  tube  E.  That  is, 
as  the  signal  portion,  e,  of  the  d-c 
voltage  -  proportional  -  to  -  armature  - 
current  increases  in  a  positive  direc¬ 
tion  with  respect  to  the  negative  con¬ 
trol  bus  (point  7)  the  grid  of  the  tri¬ 
ode  whose  cathode  voltage  is  nearest 
to  that  of  point  7  (triode  EE  in  this 
instance)  will  first  become  less  nega¬ 
tive.  The  triode  with  the  greater 
cathode-to-negative-bus  voltage  will 
become  less  negative  later  and  hence 
will  become  operative  later  in  the  se¬ 
quence  of  events. 

Assume  the  motor  to  be  operating 
in  the  week-field  region  due  to  the 
setting  of  the  speed-control  potenti¬ 
ometer,  and  also  that  the  armature 
current-limit  is  set  at  150  percent 
rated  armature  current,  but  that  the 
nature  of  the  load  is  such  as  to  re¬ 
quire  less  than  100  percent  rated 
armature  current.  Then,  as  the  load 


FIG.  5 — Annature  current  limit  added  to  iield  voltage  control 

FIG.  6 — Comporison  of  armature  current  limit  as  applied  to 
armature  and  field  circuits 
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is  gradually  increased  toward  the 
160  percent  armature  current  limit, 
the  field-forcing  tube  EE  will  first 
begin  to  take  effect  a  few  percent 
ahead  of  the  150  percent  point.  A 
continued  slight  increase  in  arma¬ 
ture  current  will  bring  the  field  up  to 
full  excitation,  meanwhile  causing 
the  motor  speed  to  decrease  to  basic 
value.  A  continued  increase  in  arma¬ 
ture  current  of  a  few  more  percent 
will  cause  the  armature  current- 
limit  tube  E  to  take  effect  and 
reduce  the  armature  voltage,  and 
consequently  the  motor  speed,  to 
whatever  extent  is  necessary  to  pre¬ 
vent  the  armature  current  from 
exceeding  the  preset  160  percent 
limit.  This  current-limit  process 
is  continuous  down  to  zero  speed 
(stalled  armature)  where  the  arma¬ 
ture  voltage  is  the  IR  drop  of  the 
armature  circuit  at  this  150  percent 
value  of  armature  current.  If  the  na¬ 
ture  of  the  load  allows,  the  motor 
will  operate  at  constant  current  and 
will  run  current  limited  at  any  speed 
in  the  current-limit  region.  As  the 
excess  load  is  removed,  the  speed  will 
increase  towards  the  preset  speed  at 
which  it  will  be  maintained  if  the 
current  drops  below  limit  value. 

On  a  quickly  applied  load,  the  com¬ 
mutating  ability  of  the  motor 
might  be  overstressed  if  the  arma¬ 
ture  current-limit  tube  E  had  to 
await  prior  action  of  field-forcing 
tube  EE,  However,  this  control  acts 
on  both  tubes  E  and  EE  independ¬ 
ently;  it  merely  acts  on  tube  EE  at 
a  current-limit  value  which  is  a  few 
percent  less  than  that  of  tube  E.  On 
a  quickly  applied  load  the  tendency 
for  the  armature  current  to  exceed  a 
preselected  current-limit  value  gives 
a  signal  to  the  field  to  increase,  and, 
almost  simultaneously,  without 
awaiting  results  from  the  field,  gives 
a  signal  to  the  armature  voltage  to 
decrease  to  whatever  value  necessary, 
to  maintain  no  more  than  current- 
limit  value  of  armature  current. 

Aeeeleratloa 

Assume  that  the  speed-control  po¬ 
tentiometer  has  been  preset  to  call 
for  a  speed  of  four  times  basic  speed. 
The  motor  is  assumed  to  be  current- 
limit  accelerated  at  150  percent  rated 
armature  current  in  that  portion  of 
the  speed-control  range  where  the 
speed  is  determined  by  variable- 
armature  voltage.  Also  the  field  is 
forced  to  full-field  excitation  irre¬ 
spective  of  the  weak-field  setting  of 


the  speed-control  potentiometer. 

The  motor  speed  will  increase  at  a 
rate  which  is  determined  by  the  in¬ 
ertia  of  the  load  and  by  the  respec¬ 
tive  values  of  armature  current  and 
field  current.  This  increase  in  speed 
will  continue  until  the  armature 
counter  emf  reaches  rated  value  cor¬ 
responding  to  the  maximum  speed 
setting  of  the  armature  voltage-con¬ 
trol  potentiometer.  As  this  point,  the 
armature-voltage  control  would  be¬ 
gin  operating  to  prevent  the  counter 
emf  from  increasing  any  further  so 
that  the  tendency  is  for  the  speed  to 
remain  at  this  value  and  the  arma¬ 
ture  current  to  decrease  to  the 
amount  necessary  to  furnish  the  re¬ 
quired  torque  at  this  speed. 

A  slight  decrease  in  armature  cur¬ 
rent  below  the  preset  150  percent 
current-limit  value  causes  tube  EE 
to  ease  up,  in  a  magnified  sense,  on 
its  field-forcing  action.  This  allows 
the  field  excitation  to  decrease  just 
enough  to  require  an  increase  in 
speed  to  restore  the  armature  counter 
emf  to  its  former  rated  value. 

At  rated  counter  emf,  the  arma¬ 
ture-voltage  control  once  again  tends 
to  prevent  the  counter  emf  from  ris¬ 
ing  further  so  that  the  armature  cur¬ 
rent  again  tends  to  decrease,  where¬ 
upon  the  field-forcing  tube  EE  eases 
up  a  bit  more,  allows  the  field  cur¬ 
rent  to  decrease  another  small  in¬ 
crement,  and  requires  an  increase  in 
speed  to  restore  approximately  rated 
counter  emf.  This  process  continues 
until  tube  EE  has  completely  eased 
up  on  its  field-forcing  effect,  at  which 
point  the  field  voltage  is  determined 
by  the  setting  of  the  field-voltage 
control  potentiometer,  acting  through 
tubes  CC  and  DD. 

The  sensitivity  of  the  control  ac¬ 
tion  on  tube  E  and  EE,  (whereby 
these  tubes  take  over  sharply  at  the 
current-limit  value  and  exercise  their 
control  with  very  little  change  in 
armature  current)  assists  in  obtain¬ 
ing  the  maximum  output  from  the 
motor  consistent  with  the  nature  of 
the  load  at  the  preset  current  limit 
value  of  armature  current.  The  cur¬ 
rent-limit  feature  of  a  circuit  such 
as  that  of  Fig.  6  is  such  that  when 
set  for  a  stalled  armature  current 
limit  of  6.8  amperes  (average  cur¬ 
rent)  the  field-forcing  tube  EE  first 
begins  to  ease  up  at  5.2  amperes  and 
has  almost  fully  strengthened  the 
field  when  a  current  of  6.35  amperes 
is  reached.  Then,  these  particular 
circuit  constants  are  such  that  the 


current  has  to  increase  from  5.35  to 
5.75  amperes  before  the  armature 
current-limit  tube  E  takes  appreci¬ 
ably  control  over  the  armature  vol¬ 
tage.  Thereafter,  an  increase  of 
armature  current  from  6.76  to  6.8  am¬ 
peres  is  suflScient  to  reduce  the  arma¬ 
ture  voltage  to  the  stalled  level  of 
IR  drop  at  5.8  amperes.  The  break 
between  5.35  and  5.75  amperes  is 
probably  due  to  the  difference  in  po¬ 
tential  between  point  17  and  point  7. 
So  that  the  operation  of  tube  E  will 
follow  more  closely  upon  the  com¬ 
pletion  of  operation  of  tube  EE  and 
narrow  the  break  in  the  current  limit 
characteristic,  it  would  be  necessary 
to  adjust  the  cathode  connection  of 
tube  EE  closer  to  point  16  along  re¬ 
sistor  JBw.  That  is,  tube  EE  will  alter 
the  bias  of  tube  DD  such  that  full 
field  is  established  when  tube  E  be¬ 
comes  operative  to  reduce  the  arma¬ 
ture  voltage  via  tube  D. 

Many  modifications  of  armature- 
current  limit  will  undoubtedly  be 
made  as  the  applications  suggest 
themselves.  One  interesting  varia¬ 
tion  is  a  constant  horsepower  drive 
for  wire-reeling  and  similar  constant 
tension,  variable-speed  loads  wherein 
the  armature  circuit  is  operated  at 
constant-armature  current  and  the 
speed  is  varied  by  armature  current- 
limit  control  of  the  field  excitation. 

The  use  of  dual  speed-conti;pl  po¬ 
tentiometers  also  necessitates  some 
means  of  limiting  the  armature  cur¬ 
rent  upon  starting  and  some  means 
of  limiting  the  high  armature  vol¬ 
tage  which  can  result  when  changing 
quickly  from  a  high  speed  to  a  low 
speed  adjustment.  Then,  there  is  the 
matter  of  filtering  and  stabilizing 
components  of  the  various  circuits, 
the  stopping  sequences,  and  inverter 
action  associated  with  a  reversing 
drive.  These  will  be  discussed  in  the 
next  and  final  article  of  this  series. 
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graphs  for  determining  the  resistance  of  the  three  elements  of  T-pad  networks  facilitates 
he  design  of  pads  having  attenuation  of  as  much  as  25  db,  and  impedance  mismatch  ratios 
up  to  5  to  1.  Graphs  are  also  adaptable  to  design  of  symmetrical  pads  with  matched  loads 


N  radio  and  communications  work 
the  necessity  for  “pads”  or  at- 
enuators  of  definite  electrical  loss 
ind  definite  terminal  impedance  often 
irises.  It  is  the  purpose  of  this  ar- 
icle,  and  attached  curves,  to  facili- 
;ate  the  design  and  construction  of 
luch  pads  of  symmetrical  or  dissym- 
etrical  T  configuration,  through 
imple,  rapid,  graphical  methods, 
ithout  making  necessary  recourse 
the  usual  mathematical  design 
nations. 

In  the  following  discussion  a  and 
will  refer  to  the  series  impedances 
nd  c  the  shunt  impedance  of  the 
ree-element  T  network.  As  pads 
ith  elements  other  than  pure  resis- ' 
nces  are  seldom  encountered,  only 
e  case  of  a  pure  resistance  network 
ill  be  discussed,  although  the  sym- 
1  Z  will  be  used.  If  a  balanced  pad 
desired,  it  is  necessary  merely  to 
ace  half  of  the  value  of  a  and  half 
the  value  of  b  in  the  two  lower 
anches  of  the  pad. 

Three  individual  graphs  are  given, 
e  for  each  of  the  impedance  ele- 
ent  in  a  r  network.  Each  graph 
intains  a  family  of  curves,  one  for 
oh  of  several  different  values  of 
tenuation  or  loss  in  decibels.  The 
niily  of  curves  is  plotted  to  show 
e  normalized  resistance  (for  the 
emeiit  o,  b,  or  c  of  the  T  for  which 

Ie  curve  applies)  as  ordinates, 
ainst  the  ratio  of  impedance  trans- 
rmation  as  abscissa.  Since  the 
rves  are  plotted  for  the  normalized 
iped.Mice  of  1  ohm,  the  resistances 
-nd  from  the  curves  must  be  mul- 
?lied  by  the  actual  impedance  value 
the  input  circuit  to  obtain  the  true 
^lues  of  resistance  for  the  elements 
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of  the  desired  T  network.  By  plot¬ 
ting  normalized  impedances,  only  one 
set  of  curves  is  required  no  matter 
what  the  impedance  value  may  be. 
It  should  be  noted  that  while  the 
curves  are  plotted  for  a  dissymmetri¬ 
cal  T  network,  which  is  useful  in 
matching  unequal  impedance,  the 
curves  are  equally  useful  for  the 
symmetrical  T  network  for  matching 
equal  impedances  since  in  the  latter 
case  the  impedance  transformation 
is  1/1,  and  a  and  b  are  equal. 

The  graphs  can  be  used  for  any 
impedance  ratio  normally  encoun¬ 
tered  in  practice.  If  an  impedance 
ratio  less  than  1  is  encountered,  the 
T  network  can  be  reversed,  for  pur¬ 
poses  of  analysis,  to  obtain  a  trans¬ 
formation  ratio  greater  than  1.  The 
curves  can  of  course  be  used  for  un¬ 
even  ratios,  such  as  2.5/1  or  3.7/1. 
The  curves  can  likewise  be  used  for 
symmetrical  T  pads,  for  in  this  case 
the  terminal  impedances,  Z,  and  Zt 
will  be  alike.  The  network  imped¬ 
ances  a  and  b  will  also  be  alike,  and 
hence  we  need  only  use  the  curves 
for  determining  two  separate  con¬ 
stants,  a  and  c.  The  curves  are  plot¬ 
ted  more  occurately  than  the  accu¬ 
racy  of  commercial  resistors,  and 
consequently  errors  involved  from 
the  graphical  design  method  will  be 
negligible  for  ordinary  purposes. 
Care  should  be  exercised  in  reading 
the  curves,  however,  to  ascertain  that 
the  scales  are  not  misinterpreted. 

It  is  to  be  particularly  noted  that 
the  actual  values  of  Z,  and  Z,  (the 


terminal  impedances)  do  not  affect 
in  any  way  whatever  the  values  used 
in  plotting  the  curves  as  only  their 
ratios  were  used.  Therefore,  for  a 
10-db  pad  of  terminal  impedances  5 
and  10  ohms  the  identical  points  on 
the  curves  will  be  used  as  if  the 
terminal  impedances  were  300  and 
600  ohms,  as  in  both  cases  the  ratio 
of  Z,  to  Z,  is  2  to  1. 

The  loss  «f  the  pad  is  obtained  by 
calculating  the  ratio  of  the  power 
transferred  from  Zi  to  Z,  with  the 
pad  in  the  circuit  and  again  with  the 
pad  removed  from  the  circuit.  As¬ 
suming  1  volt  applied,  and  imped¬ 
ances  of  100  and  200  ohms,  the  power 
transferred  when  the  pad  is  out  of 
the  circuit  is 


(^y 


With  the  pad  in  the  circuit,  the 
power  absorbed  by  Z,  is 
Pi  =  PR 


(  99.2  yy 

l\2mj 

V200  +  145  +  99.2/ J 

-[(^)(il)Jx- 

The  loss  in  decibels  is  then 
db  =  10  log, 0  (Pe/P<) 

-101o|5„ _ (p).  ^  ^ _ 

[(4)(^0Ix- 

—  0(^)1— 

Hence,  the  terminal  impedances  as 
calculated  from  the  graphs  are  cor¬ 
rect.  The  loss  of  the  network  is  act¬ 
ually  9.5  db  instead  of  the  10  db  for 
which  it  is  designed,  but  the  error  is 
sufficiently  small  to  be  neglected  for 
nearly  all  practical  purposes. 
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IRC  RESISTORS  Send  the  Signal 


When  trouble  develops  on  a  high  voltage  power 


Specially  designed,  IRC  high  voltage  power  re¬ 


line,  time  is  of  greatest  essence.  For  in  our  fast- 
moving  electro-mechanical  age,  minutes  quickly 
translate  themselves  into  countless  man-hours. 
Communications  go  “dead”  .  .  .  lights  snuff  out 
.  .  .  vital  production  grinds  to  a  sudden  halt  .  .  . 
and  it’s  "taps”  for  a  busy  world. 

Another  IRC  Contribution 

Until  comparatively  few  years  ago,  when  power 
transmission  interruptions  occurred, 
it  often  required  hours  to  locate  the 
trouble.  Today,  thanks  in  part  to 
the  contribution  of  I  R  C  research 
engineers,  the  point  of  disruption  in 
any  electrical  circuit — whether  power 
or  communications— can  readily  be 
spotted  in  a  matter  of  moments. 


sistors  dependably  dissipate  the  heavy  loads  and 
deliver  the  voltage  required  to  operate  trouble¬ 
signalling  mechanisms.  On  receipt  oj  signal,  other 
instruments  in  which  resistors  play  an  important 
role  accurately  locate  the  point  oj  disturbance 
within  a  jew  jeet. 

Here  at  IRC  we  welcome — and  usually  solve — 
unusual  problems  in  the  field  of  resistance  devices. 

And  because  IRC  makes  more 
types  of  resistance  units,  in  more 
shapes,  for  more  applications  than 
any  other  manufacturer  in  the 
world,  many  leading  engineers 
make  it  a  point  to  seek  our  un¬ 
biased  counsel.  There  is  no  obliga¬ 
tion,  of  course. 


INTERNATIONAL  RESISTANCE  COMPANY 
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Mathod  of  chocking  spark  gap  with  a 
ioolor  gougo  and  adjusting  gap  thick- 
noss  with  a  wronch.  Tho  loops  of  cop- 
par  tubing  carry  cooling  watar  botwMn 
holas  .drillad  transTorsaly  through  the 
brass  cylindars  which  support  tha  tung 
stan  alactrodas 


series  resonant  circuit  across  the 
spark  gap.  Tuning  involves  adjust¬ 
ing  the  series  tuning  coils  for  max¬ 
imum  output  current  in  the  work  coil 
as  determined  by  an  r-f  ammeter 
loosely  coupled  to  the  output  circuit. 

Circuit  Details 

Maximum  output  current  is  ob¬ 
tained  when  the  series  resonant  cir¬ 
cuit  is  tuned  to  the  same  frequency 
as  the  output  tank  circuit.  This  fre¬ 
quency  will  be  somewhere  between  the  radio  frequency  output  power  can 
100  and  300  kc,  but  its  value  is  or-  be  adjusted  by  means  of  a  capaci- 
dinarily  not  important.  If  a  par-  tive-type  input  control.  The  entire 
ticular  frequency  is  required,  the  unit  can  be  switched  on  and  off  by  a 
series  tuning  coils  can  be  set  for  this  remote-control  magnetic  switch  op- 
frequency  rather  than  for  resonance  crated  by  an  automatic  timer,  auto- 
if  there  is  sufficient  reserve  of  power  matic  temperature  control  unit,  foot 
to  permit  operating  the  tank  circuit  switch  or  small  pilot  switch.  The 
off  its  resonant  frequency.  work  coil  has  only  a  few  turns  and 

Work  coils  are  made  from  flat-  the  high-frequency  circuits  are  bal- 
tened  copper  tubing  shaped  to  pro-  anced  to  give  zero  potential  to  ground 
vide  the  necessary  number  of  turns  at  the  center  of  the  coil,  hence  the 
either  around  or  inside  the  object  to  work  coil  can  be  safely  handled  by 
be  heated.  The  majority  of  coils  have  the  operator  while  power  is  on.  Mica 
from  one  to  ten  turns.  Cooling  water  blocking  capacitors  prevent  the  high 


Spark  Gap  Circuits  Used  in 
Induction  Heating  Units 

Spark-type  high-frequency  oscillator 
circuits  as  well  as  vacuum  tube  units 
are  today  generating  high-frequency 
power  for  industrial  induction  heat¬ 
ing  purposes. 

One  basic  spark  circuit  is  shown  in 
the  accompanying  diagram.  It  re¬ 
sembles  in  many  ways  the  old  Tesla 
coil  and  the  spark  gap  transmitters 
of  the  first  world  war.  This  circuit 
has  been  found  highly  effective  and 
reliable  for  generating  frequencies 
in  the  range  from  100  to  300  kc,  and 
is  used  by  Lepel  High  Frequency 
Laboratories  of  New  York  City  in 
units  having  power  inputs  ranging 
from  3i  kw  to  30  kw. 

Rugged,  adjustable  water-cooled 
spark  gaps  with  pure  tungsten  discs 
about  an  inch  in  diameter  are  used, 
with  as  many  as  30  gaps  connected  in 
series  in  higher-power  units  so  as 
to  distribute  the  heat  over  a  greater 
area.  Ordinarily  the  gaps  are  checked 
with  a  feeler  gage  and  readjusted  to 
a  spacing  of  0.004  inch  about  every 
50  working  hours,  as  shown  in  the 
accompanying  photograph,  to  main¬ 
tain  peak  efficiency  and  keep  the  heat¬ 
ing  time  uniform  on  production  runs. 

Each  unit  will  generally  have  a 
few  air-cooled  gaps  in  series  with 
water-cooled  gaps,  to  insure  starting 
of  the  spark  even  though  condensa¬ 
tion  on  the  water-cooled  gaps  shorts 
them  out  for  a  time  after  cooling  wa¬ 
ter  is  turned  on.  A  few  minutes  of 
operation  will  heat  the  gaps  enough 
to  drive  off  this  external  condensa¬ 
tion  of  moisture. 

The  work  coil  and  tank  condenser 
form  a  parallel  resonant  tank  circuit 
which  is  in  turn  connected  into  a 


,  Obj  tef  BOcyde  blocking 

heated  condenser.. 


Wafer- 

coo/ed 

spark 

gaps 

in 

series 


Cooling 

waferin 

Tank 

condenser 
[-)_».  Cooling 
■(  water  out 


Tuning 

coils 


Work 

coH 

Output- 

meter 


Rubber 

hose 


60- cycle  blocking 
condenser 


Basic  spark-type  circuit  used  lor  generating  large  amounts  of  high-frequency 
energy  lor  inductioa  heating  purposes 
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60-cycle  voltage  across  the  spark  gaps  switch  Si  is  closed,  the  filament  of  the 
from  reaching  the  work  coil.  tube  under  test  is  being  heated  by 

There  is  no  appreciable  r-f  radia-  the  secondary  of  transformer  T», 
tion  from  the  work  coil  and  its  leads,  which  in  turn  is  supplied  by  the 
and  the  radiation  from  the  spark  secondary  of  transformer  Ti. 
gap  is  spread  over  such  a  wide  por-  With  St  and  S,  in  the  above  posi¬ 
tion  of  the  frequency  spectrum  that  tions,  switch  S»  is  rotated  to  apply 
the  radiated  energy  at  any  particular  110  volts  in  series  with  the  neon  tube 
frequency  travels  only  a  short  dis-  between  grid  and  cathode,  grid  and 
tance.  In  one  instance  where  inter-  plate  and  cathode  and  plate  in  turn 
ference  was  observed  at  35  Me  due  of  the  tube  being  tested,  as  a  shorted- 
to  a  peculiar  combination  of  circum-  electrode  test. 

stances,  the  radiation  was  readily  Throwing  switch  S,  to  its  other 
eliminated  by  placing  a  metal  screen  position  applies  all  voltages  to  the 
around  the  unit.  tube  under  test  and  permits  regular 

tests  on  the  tube.  The  grid  potential 
at  the  instant  the  tube  becomes  con¬ 
ductive  is  read  on  the  voltmeter.  The 

Thyraton  Tube  Tester  plate  current  is  then  read  on  the  a  25-volt  d-c  voltmeter.  Condenser 

By  V.  P.  McKinney  10-amp  d-c  ammeter  in  series  with  C«  maintains  the  grid  at  a  constant 

Douglas  Aircraft  Co.,  Inc.  the  load  resistor,  which  is  of  such  potential,  independent  of  ripple  vol- 

Santa  Monica,  Calif.  ^^lue  as  to  allow  the  passage  of  rated  tage  or  surges.  Si  is  a  normally  open 

The  accompanying  circuit  has  load  current  for  the  tube.  The  tap  push-button  switch,  serving  to  bring 
proved  highly  satisfactory  for  check-  and  switch  S»  are  provided  because  the  grid  to  zero  potential  as  a  check 
ing  FG57  and  FG95  thyratrons,  some  of  the  tubes  tested  have  a  dif-  for  intermittent  operation  of  the 
FG82  phanotrons  and  872-A  rectifier  ferent  plate  current  rating.  tube. 

tubes  for  shorts,  low  ionizing  poten-  Under  the  foregoing  conditions  „  „  ,  ,  , 

1  „  . j  ,  .  ,  -  /7i  •  1  •  j  T4.  Test  Procedure  for  FG57  Thyratron 

tial,  erratic  operation  and  low  emis-  transformer  T,  is  also  energized.  It 

sion.  applies  a  rectified  voltage  between  1-  Make  sure  all  switches  are  in 

The  tester  operates  from  a  440-  the  grid  and  cathode  of  the  tube  un-  off  positions,  and  the  potentiometer 
volt,  single-phase,  60-cycle  a-c  line,  der  test,  through  the  type  80  rectifier  is  in  its  minimum-voltage  (counter- 


circuit  for  tostiag  thyratron  and  timilar 
tubos.  Two  typoB  of  tockets  aro  roquired 
for  tho  tubes  being  tested,  with  their  corre¬ 
sponding  terminals  connected  in  parallel 


Plywood  Cases  Protect  Emergency  Gear 


By  enclosing  troiumitters  and  receirers  in  plywood  cases  of  rugged,  weather¬ 
proof  design,  such  as  those  illustrated  here,  gear  intended  for  use  in  the 
field  may  be  more  readily  transported.  In  this  instance  one  case  houses  a 
REL  50-watt  radiphone  while  the  other  contains  a  Hallicrafters  communication 
receirer  and  speaker 


ELECTRONICS 


STOUT  HEARTS 

are  carrying  it  through 


J/ICTORY 


Guordians  of  the  seo 


out  ocross  the 


North  Atlontic,  Coost  Guard  cutters 


help  guard  our  life-lines 


STURDY  PARTS 


Sturdy  CINCH  hammered  lug  strips  ore 
mode  to  take  punishment  in  the  severest  use 


ir 


/r 


?*■ 


K  The  lugs  stamped  from  copper  ore  ruggedly  set  by  automatic 
hammer  in  fabricated  UCINITE,  Cinch's  own  laminated  material,  and  will 
not  loosen  in  soldering.  Serrated  edges  hold  wires  firmly  in  place.  Hot  tin 
dipped  for  quick  and  easy  soldering.  There  are  many  different  types. 


MANUFACTURING  CORPORATION 


2335  WEST  VAN  BUREN  STREET 


CHICAGO,  ILL. 
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tate  locating  tubes  which  may  be  er¬ 
ratic  in  operation.  * 

Tent  Procedure  for  FG95  Thyratro% 

1.  Make  sure  all  switches  are  in 
off  positions,  and  potentiometer  is  in 
minimum-voltage  position. 

2.  Insert  FG96  tube  in  right-hand 
socket,  connect  red  lead  to  cap  on 
top  of  tube,  and  connect  black  lead  to 
cap  on  side  of  tube. 

Remainder  of  procedure  is  identi¬ 
cal  to  that  given  above. 

Test  Procedure  for  FGS2  Plianotm 

1.  Make  sure  all  switches  are  in 
off  positions,  and  S,  is  in  open  posi¬ 
tion. 

2.  Insert  FG32  tube  in  left-hand 
socket  and  connect  red  lead  to  cap  on 
top  of  tube. 

3.  Close  switch  S,  and  wait  until 
condensation  has  cleared  from  sides 
of  tube. 

4.  Make  leakage  test  as  outlined  in 
step  4  for  FG67. 

5.  Close  switch  S,  and  oh  c** 
reading  on  plate  current  ammeter] 
which  should  be  2.4  amperes.  i 


quantity 
but  four 


Test  Procedure  for  872- A  Rectifier 

The  procedure  for  testing  tr‘ 
tube  is  exactly  the  same  as  for  t). 
FG32  thyratron  except  that  swit' 
S,  must  be  in  its  closed  position,  ar 
the  plate  current  should  read  1. 
amperes. 


Dortant 


Federal  achievement 
to  which  CaUite  contributed 


SELECTOR  SWITCH  TESTFKi 


the  work  of  four  ordinarj'  tubes.  With  a  power  rating  not  avaiiabl( 
heretofore,  this  new  tube  designed  by  the  Federal  Telephone  fie  Radio 
Corporation  is  successfully  increasing  tte  efficiency  and  protiding 
reserve  power  in  broadcast  and  high  frequency  transmitters  everywhere. 

Because  dependability  is  essential  in  the  perfrfrmance  of  this  outstanding 
tube,  it  is  only  natural  that  Federal  should  turn  to  Callite  for  the  tung¬ 
sten  rods  required  for  internal  leads  and  supports.  You  may  not  be  a 
manufacturer  of  transmitting  tubes,  but  if  you  do  manufacture  an  elec¬ 
tronic  or  electrical  product  calling  for  precision  metallurgical  compo¬ 
nents,  our  Engineering  Department  will  be  glad  to  cooperate  with  you. 

Specialists  in  the  manufacture  of  lead-in  wires, 
^laments,  farmed  parts  and  components  for  all 
electronic  tube  and  incandescent  bulb  applications 


LICMTS 


ics  insu: 


movable  botoa 

CONTACTS 


SWITCH 


FIXTUNC  contacts 


THUMB  SCNEW  ON 
COUPLING  TOR 
FLAT  SIDE  ON  SHAFT 


.^^  544  39tl  STIIET 
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ANOTHER  PROBLEM  SOLVED  BY  SCOVILL 

COLD-FORGING  SKILL  WITH 
IMPORTANT  SAVINGS  IN 
MATERIALS-MONEY-MOTIONS 


Know  how”proof  #11 . . .  more  each  month 


0i;ovill  produced  the  above  part  in 
quantity  from  alloy  steel  wire  with 
but  four  operations — head,  re-head, 
trim  and  turn.  No  matter  how  different 
;,uur  fastenings  problem  from  this  im¬ 
portant  war  production  job,  it  will 
benefit  from  the  cold-forging  “know 
how”  that  solved  it. 

This  wide  range  of  Scovill  standard  fas- 
!-ning  devices  also  benefit  from  this 
same  engineering  ingenuity.  Customers 
I  hnd  that  the  skill  that  licks  the  tough 
I  rnes  insures  extra  uniformity  and  satis¬ 


faction  no  matter  how  simple  the  fas¬ 
tening  or  large  the  quantity. 

Today  Scovill  is  largely  engaged  in  war 
work.  However,  realizing  the  vital  im¬ 
portance  of  better  postwar  products 
and  production,  Scovill  welcomes  any 
opportunity  to  help  with  postwar  plan¬ 
ning  problems  (or  current  needs)  to  the 
limits  its  present  commitments  permit. 
Call  in  the  Fastenings  Expert  in  the 
nearest  office  listed  below  for  a  prompt, 
frank  answer  as  to  where  and  when  we 
can  serve  you. 


eO® 


Kindly  pass 

his  advertisement  on  to  any  of  your  associates 
ihon;  we  may  be  able  to  serve.  Thank  you! 


I’ 


NEW  YORK,  Chrysitr  BHiMini  .  DETROIT,  8432  Cass  Avsihm  .  CHICAGO,  1229  W.  WasMaftoa  Booltvard  .  PHILAOaPHIA,  IB  W.  ChaltM  Avmm  BvMIik 
PITTSBURGH,  2882  W.  Libarty  Avt. .  SYRACUSE,  Syracasa  •  Ktalpir  Insoranca  BM|.  •  LOS  ANGaES,  2827  S.  Sota  St  •  SAN  FRANCISCO,  434  Branaan  St 
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Tubt  being, 
Ushd 


Circuit  for  tMting  thyrotron  and  similar 
tubss.  Two  typos  of  sockets  are  required 
for  the  tubes  being  tested,  with  their  corre¬ 
sponding  terminals  connected  in  parallel 


Plywood  C^ses  Protect  Emergency  Gear 


the  potentiometer  to  its  extreme 
clockwise  position,  and  observe  the 
reading  of  the  plate  current  meter. 
This  reading  should  be  2.4  amperes. 
A  lower  reading  indicates  low  emis¬ 
sion,  and  consequently  a  weak  tube. 

6.  Press  push-button  switch  S,  to 
short-circuit  the  grid  to  the  cathode. 
The  tube  should  ionize  each  time  this 
switch  is  depressed,  regardless  of 
the  setting  of  the  potentiometer. 
This  switch  is  incorporated  to  facili- 


By  •ncloilng  transmlMnrt  and  rncelrnn  in  plywood  casei  of  rugged,  weather¬ 
proof  design,  such  as  those  illustrated  here,  gear  intended  for  use  in  the 
field  may  be  more  readily  transported.  In  this  instance  one  case  houses  a 
REL  50-watt  radiphone  while  the  other  contains  a  Hallicrafters  communication 
receiTer  and  speaker 
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ifiwin 

1 

1 
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STURDY  PARTS 


Sturdy  CINCH  hammered  lug  strips  are 
made  to  take  punishment  in  the  severest  use 


The  lugs  stamped  from  copper  are  ruggedly  set  by  automatic 
hammer  in  fabricated  UCINITE,  Cinch’s  own  laminated  material,  and  will 
not  loosen  in  soldering.  Serrated  edges  hold  wires  firmly  in  place.  Hot  tin 
dipped  for  quick  and  easy  soldering.  There  are  many  different  types. 


VICTORY 


MANUFACTURING  CORPORATION 

2335  WEST  VAN  BUREN  STREET  •  CHICAGO.  ILL 
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tate  locating  tubes  which  may  be  er¬ 
ratic  in  operation.  * 


Teat  Procedure  for  FG9S  Thyratro% 

1.  Make  sure  all  switches  are  ig 
off  positions,  and  potentiometer  is  in 
minimum-voltage  position. 

2.  Insert  FG96  tube  in  right-hand 
socket,  connect  red  lead  to  cap  on 
top  of  tube,  and  connect  black  lead  to 
cap  on  side  of  tube. 

Remainder  of  procedure  is  identi¬ 
cal  to  that  given  above. 

Teat  Procedure  for  FGSt  Phanotm 

1.  Make  sure  all  switches  are  ir, 
off  positions,  and  St  is  in  open  posi 
tion. 

2.  Insert  FG32  tube  in  left-har’ 
socket  and  connect  red  lead  to  cap  on 
top  of  tube. 

3.  Close  switch  Si  and  wait  unti! 
condensation  has  cleared  from  sides 
of  tube. 

4.  Make  leakage  test  as  outlined  ;r 
step  4  for  FG57. 

5.  Close  switch  S,  and  obaci  e 
reading  on  plate  current  ammeter 
which  should  be  2.4  amperes. 


Teat  Procedure  for  872-A  Rectifier 

The  procedure  for  testing  th 
tube  is  exactly  the  same  as  for  tr 
FG32  thyratron  except  that  switc 
St  must  be  in  its  closed  position,  a: 
the  plate  current  should  read  1. 
amperes. 


a  Federal  achievement 
to  which  Calitte  contributed 


SELECTOR  SWITCH  TES TF 


In  many  transmitters  today,  two  Federal  F-124-A  tubes  are  aapplanting 
the  work  of  four  ordinary  tubes.  With  a  power  rating  not  available 
heretofore,  this  new  tube  designed  by  the  Federal  Telephone  fie  Radio 
Corporation  is  successfully  increasing  the  efficiency  and  providing 
reserve  power  in  broadcast  and  high  frequency  transmitters  everpdbere. 

Because  dependability  is  essenilal  in  the  performance  of  this  outstanding 
tube,  it  is  only  natural  that  Federal  should  turn  to  Callite  for  the  tung¬ 
sten  rods  required  for  internal  leads  and  supports.  You  may  not  be  a 
manufacturer  of  transmitting  tubes,  but  if  you  do  manufacture  an  elec¬ 
tronic  or  electrical  product  calling  for  precision  metallurgical  compo¬ 
nents,  our  Engineering  Department  will  be  glad  to  cooperate  with  you. 

Specialists  in  the  manufacture  of  lead-in  wires, 
filaments,  formed  parts  and  components  for  all 
electronic  tube  and  incandescent  bulb  applications 


MOVABLC  NOTO* 

contacts 


SWITCH 


rixTunc  contacts 


THUMO  SCNEW  ON 
COUPLING  TOR  ^  ' 
FLAT  SIOC  ON  SHAfT 


ELECTROMC: 


covill  produced  the  above  part  in 
uantity  from  alloy  steel  wire  with 
ut  four  operations — head,  re-head, 
Wim  and  turn.  No  matter  how  different 
;.oar  fastenings  problem  from  this  im- 
>ortant  war  production  job,  it  will 
enefit  from  the  cold-forging  “know 
liow  ”  that  solved  it. 

This  wide  range  of  Scovill  standard  fas- 
1*  nine  devices  also  benefit  from  this 

i 

^'ine  engineering  ingenuity.  Customers 
Pnd  that  the  skill  that  licks  the  tough 
( nes  insures  extra  uniformity  and  satis¬ 


faction  no  matter  how  simple  the  fas¬ 
tening  or  large  the  quantity. 

Today  Scovill  is  largely  engaged  in  war 
work.  However,  realizing  the  vital  im¬ 
portance  of  better  postwar  products 
and  production,  Scovill  welcomes  any 
opportunity  to  help  with  postwar  plan¬ 
ning  problems  (or  current  needs)  to  the 
limits  its  present  commitments  permit. 
Call  in  the  Fastenings  Expert  in  the 
nearest  office  listed  below  for  a  prompt, 
frank  answer  as  to  where  and  when  we 


can  serve  you. 


^oi4(efS2aae^\  Kindly  pass 
!ii$  advertisement  on  to  any  of  your  associates 
itioir,  we  may  be  able  to  serve.  Thank  you! 


Scovill  Manufacturing  Company 

PRODUCTS  Division 


WATERVILLE 


WATERVILLE.  CONN. 


TEL.  Waterbury  3-3151 


NtW  YORK.  Chnrsitr  BniMbif  •  DETROIT,  1432  Cass  Avmnm  •  CHICAGO.  1229  W.  WasWiftM  Booltvard  .  PHIUDELPMA.  IB  W.  ChaltN  AvtMM  BiMiif 
PITTSBURGH.  2882  W.  Librty  Avt. .  SYRACUSE.  Syracist  •  KMpar  lasuraaca  Bldf.  •  LOS  ANGaES.  2627  S.  Sola  St  •  SAN  FRANCISCO.  434  Brawaa  St 
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ANOTHER  PROBLEM  SOLVED  BY  SCOVILL 

COLD-FORGING  SKILL  WITH 
IMPORTANT  SAVINGS  IN 
MATERIALS-MONEY-MOTIONS 


“Know  how’’proof  #11 . . .  more  each  month 


11251: 


Diagram  and  photo  of  dynamic  gear-bak 
ing  machine  using  electronic  motor  con 


Balancing  50-ton 
Marine  Gears 


Automatic  control  of  the  acceler 
ating  rate  in  bringing  17-ft.  diair- 
eter  marine  propulsion  gears  up  t 
full  speed  of  200  rpm  for  dyniimi; 
balancing  is  obtained  with  G-E  Thy 
mo-trol  type  electronic  control  for 
the  200-hp  driving  motor.  The  6()-to? 
gear  to  be  tested  is  mounted  on 
24-inch  diameter  shaft  supported  t; 
bearings  which  permit  the  gear 
vibrate  freely  in  a  horizontal  dire: 
tion.  Conventional  pick-up  coils  con 
vert  this  movement  into  electric 
impulses  which  energize  a  wattmeto 
in  a  conventional  dynamic  balancin 
circuit  which  indicates  the  points 
which  correction  of  unbalance  is  r 
quired. 


li.  4 


JACKSON  INSTRUMENTS  are  found 


NOT  FAR  BEHIND  THE  FRONTI 


**Handie  talkies” — miniature  trans¬ 
mitter-receivers,  each  not  much  larger 
than  a  carton  of  cigarettes — are  in 
constant  use  by  our  fighting  men 
over-seas. 

These  important  little  instruments 
are  aiding  the  airplane  spotters,  the 
reconnaissance  squads,  and  even  the 
commanders  who  are  directing 
attacks. 

But  occasionally,  of  course,  severe 
usage  may  put  these  little  "talkies” 


out  of  order  . .  .  and  then  the  Signal 
Corps  experts — quite  possibly  aided 
by  Jackson  testing  equipment — will 
soon  have  the  "talkie”  back  in  opera¬ 
tion. 

Jackson  production  is  now  entirely 
war  work.  We  are  happy  in  doing  our 
best  toward  helping  to  keep  vital  war 
communication  lines  open. 

i  i  i 

Alt  Jackson  employees — a  full  lOO^c — are  buying 
ffar  Bonds  on  a  payroll  deduction  plan.  Let’s 
ALL  go  all-out  for  V'ictory, 


Electronic  control  equipment  w  j 
chosen  because  both  squirrel-cs  j 
and  wound-rotor  induction  motor 
heated  excessively  during  the  i 
quired  long  acceleration  time  of  \\ 
minutes.  The  arrangement  finr*'’ 
selected  consists  of  a  200-hp 
650/1300  rpm  shunt-wound  d-c  r 
tor  and  a  motor-generator  set  for  t! 
motor  field  current,  with  electron 
control  for  both  the  motor  and 
erator  to  provide  high  breakav 
torque  for  starting,  smooth,  c- 
stant-torque  acceleration  and  dec- 
eration,  and  simple,  accurate  setti 
of  the  operating  speed. 


July  J943  — ELECTRONIC 


A'.odel  642  Multimeter 


!  ; 

1  ,  1 

Model  652  Audio  Oscillator 


Jackson 

S/ecAeca/ 

JACKSON  ELECTRICAL  INSTRUMENT  COMPANY,  DAYTON,  OHIO 


RADIO  TUBES 


105-30  and  VRl  50-30  1 

us  voltage-regulator  tubes 


TO  SEND  THE  MESSAGE 


'WaT 


0  M 


TO  PROVIDE  THE  EQUIPMENT 


Specialists  on  the  Factory  Front  must  back  up  those 
on  the  Fighting  Front.  As  an  American,  you  would  be 
proud  to  see  at  Hytron  carefully  trained  girls  holding 
down  important  supervisory  and  technical  jobs,  and 
displaying  manual  dexterity  on  fine  work  which  a 


watchmaker  would  admire. 


Here  at  Hytron  we  realize  fully  our  responsibility  for 
fashioning  well  the  radar,  radio,  and  electronic  tubes 
upon  whose  performance  the  lives  of  our  fighting  men 
depend.  To  fulfill  this  trust,  we  have  gone  all  out  to 
train  hundreds  of  new  specialists  capable  of  building 
to  exacting  standards  countless  dependable  War 
tubes.  That  their  skills  may  help  bring  closer  the  day 
when  our  boys  come  marching  home,  is  the  sole  pur¬ 
pose  of  all  Hytron  employees. 


Measuring  Transformer 
Noise  Level 

Transformer  noise  levels  are  sci. 
entifically  measured  and  compared  in 
a  special  accoustically  treated  noise 
level  room  built  into  the  Sharon 
transformer  works  of  Westinghouse. 
For  comparison  tests,  two  trucks, 
each  carrying  a  transformer,  are 
wheeled  into  position  in  the  room. 
Flexible  clip-leads  on  the  truck  are 
readily  attached  to  the  transformer 
terminals.  These  leads  go  to  contact 
blades  on  the  truck  which  fit  into 
corresponding  jacks  inside  the  room, 
so  that  power  connections  are  made 
automatically  when  the  trucks  are 
pushed  into  position. 


The  ’’human  element”  so  consistently  mentioned 
as  a  necessary  part  of  every  great  accomplishment, 
is  exemplified  in  the  high  quality  of  Thordarson 
transformers.  From  engineering  laboratory  to 
final  inspection,  countless  pairs  of  hands  and 
minds  work  in  harmony  to  bring  about  in  each 
complete  transformer  a  coordination  of  effort 
that  makes  for  superb  performance. 


Pushing  a  powsr  tronsiormer  into  th* 
Wsstinghovs*  noiss-lsvel  room.  The  con¬ 
trol  panel  is  at  tho  loft  outside  the  room 


A  microphone  mounted  on  an  ad¬ 
justable  stand  inside  the  room  picks 
up  the  sound.  Outside  the  room  is  a 
control  panel  at  which  the  exact  value 
of  the  sound  can  be  read,  or  the  rela 
tive  values  of  sounds  produced  by  two 
transformers  can  be  determined. 


ELECTRIC  MFO.  COMPANY 
500  WEST  HURON  ST.,  CHICAGO,  lit 


Trouble-Shooting  in  I 

Electronic  Equipment 

Although  maintenance  is  mini 
mized  in  electronic  equipment  be 
cause  there  are  few  or  no  moving 
parts,  faults  can  occur  as  in  any 
other  electrical  device.  The  follow 
ing  suggestions  taken  from  G-E  bul 
letin  GEH-1173  on  photoelectric  re 
lays  will  permit  quick  location  of  tb' 
trouble  in  the  majority  of  cases. 

First  isolate  the  electronic  equip 
ment  and  observe  its  output  whe 


ELECTRONU 
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—so  we  brought  the  jungle  to  Chicago 


Sweltering  jungle  heat  and  ever-dripping  moisture 
is  a  real  test  of  endurance  for  our  fighting  men.  But 
how  about  the  Communications  equipment  upon 
which  their  very  lives  often  depend?  To  find  the 
answer,  RAULAND  engineers  brought  the  jungle 
right  into  our  laboratories!  They  built  a  large,  glass- 
enclosed,  air-tight  cabinet . . .  provided  it  with  the 
dripping  wetness  of  saturated,  super-heated  air  and 


tropical  plants  and  lush  vegetation,  deep  rooted  in 
mossy  loam.  Into  this  "torture  chamber”  went 
RAULAND  Communications  equipment  ...  to 
finally  emerge  with  the  correct  answers  to 
some  very  vital  questions.  A  typical  example  of 
RAULAND  engineering  thoroughness  in  making 
certain  that  its  precision  instruments  serve 
dependably  under  even  the  most  trying  conditions. 


kADIO  ...SOUND... 


f^idtubcnd 


...COMMUNICATIONS 


Electroneering  is  our  business  *' 

THE  RAULAND  CORPORATION  .  .  .  CHICAGO,  ILLINOIS 

Buy  W»r  Bonds  atd  Stamps!  Rauland  employees  are  still  investing  10%  of  their  salaries  in  War  Bonds 
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the  usual  input  signal  is  artificially 
applied.  If  the  correct  output  signal 
is  obtained,  the  trouble  is  not  in  the 
electronic  equipment. 

If  the  trouble  is  electronic  and  is 
not  obvious  on  careful  inspection 
after  the  housing  is  removed,  turn  on 
the  power  and  adjust  the  equipment 
for  proper  operation  as  outlined  in 
the  instructions.  Observe  tubes  and 
light  sources  to  see  if  filaments  are 
heated.  See  if  metal  tubes  are  warm. 
If  ignitrons  with  metal  tubes  are 
used,  however^- turn  off  power  before 
touching  them,  because  the  envelopes 
may  be  at  line  potential. 

If  there  is  a  contactor  on  the  panel, 
close  it  manually  to  check  proper  op¬ 
eration  of  its  contacts. 

If  spare  tubes  are  available,  they 
may  be  inserted  to  check  tube  opera¬ 
tion.  Receiving  type  tubes  may  be 
checked  with  an  ordinary  tube  tester, 
while  thyratrons  and  phototubes  are 
tested  according  to  procedures  de¬ 
scribed  in  bulletins  in  the  tube 
cartons. 

Inspect  wiring  near  terminals,  as 
vibration  will  often  cause  breaks 
which  are  not  readily  visible.  Look 
for  blown  fuses,  burned-out  resistors 
and  damaged  parts. 

Before  proceeding  any  further, 
study  the  wiring  diagram  and  in¬ 
struction  book  for  the  equipment, 
then  check  circuit  voltages  with  an 
ordinary  multimeter  or  1000-ohm- 
per-volt  voltmeter,  with  particular 
attention  to  d-c  electrode  voltages  of 
tubes.  Other  measurements  can  also 
be  made,  in  much  the  same  manner 
as  for  servicing  radio  receivers  and 
transmitters.  As  a  rule,  electronic 
equipment  is  far  easier  to  service 
than  radio  equipment,  once  the  cir¬ 
cuit  is  understood. 


/n  fhe  Allied  Service 


ETAL 


If  your  probUm  is  •  satisfactory 
Antenna  for  communications,  you 
will  probably  find  the  answer  in 
Pramax  Bulletin  of  Standard  An¬ 
tennas  and  Mountings  or  Pramax 
Special  Service. 


. . .  the  modem  way 
to  spot  ** foreign  agents"* 
in  parts . . .  packages . . . 
mechanical  assemblies 


Division  Chlshofm-ftyder  Co.,  ine, 

4302  Highland  Ava.,  Niagara  Falls,  N.  Y. 


STEATITE 

CERAMIC 


X-ray  takes  the  guess¬ 
work  out  of  quality  control 
. . .  lets  you  look  inside  parts 
of  rubber,  plastic,  porcelain 
. . .  inside  metal  assemblies 
and  packaged  goods,  to  de¬ 
tect  impurities  and  foreign 
substances.  Quality  control 
is  just  another  of  hundreds 
of  unusual  jobs  in  industry 
that  can  be  done  better, 
faster  and  cheaper  with 
Westinghouse  X-ray. 

J-080S6 


CHARACTERISTICS 

Specific  gravity  of  only  2.S  to  2.t. 
Water  absorption  S.  I.S-O.OOl  par 
cant.  Par  cant  power  factor. 

S.  1.5  to  60  cycles  was  only  0.0165. 
Dielectric  constant  at  60  cycles 
was  5.9-1000  KC  5.4. 

Makers  of  elearical  and  radio  apparatus  des¬ 
tined  for  war  service  are  finding  in  LAVITE 
the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and 
dielearic  strength,  low  moisture  absorption 
and  resistance  to  rot  fumes,  acids,  and  high 
heat.  The  exceedingly  low  loss-factor  of 
LAVITE  plus  its  excellent  workability 
makes  it  ideal  for  all  high  frequency  appli¬ 
cations. 

We  will  gladly  supply  samples  for  testina. 


ARBOR  FOR  CERAMIC 
COIL  FORMS 


CtNTEH 


metal 


Ruaecn 

RINGS 


Altornoting  metal  and  rubber  waebers  on 
a  aquore  thoft  form  on  arbor  which  mini¬ 
mizes  breakage  of  ceramic  coil  forms 
during  winding.  Pressure  is  applied  lon- 
gitudinally  bv  moving  the  toilstock  center 
against  a  sliding  cop  which  fits  over  one 
end  of  the  arbor.  The  arbor  was  devised 
by  A.  C.  Schlonsker,  G-E  Electronics  Dept, 
foreman 


Af.iM  0/fir«  &  IT or  is.’  Cholttmoogo,  Tae*. 
New  York  Nssdhaai.  Mass.  ChtMSO  Lm  Aatsiss 


ELECTRONIC? 


Hundred  Million 

Volt  X-mys  i 

With  an  induction  electron  accel¬ 
erator  now  nearing  completion  in  the 
G-E  Research  Lab.  in  Schenectady, 
voltages  up  to  a  hundred  million  volts 
will  be  available  for  the  production 
of  x-rays  and  cathode-rays.  One  pur¬ 
pose  of  the  project  is  to  determine 
what  radiographic  and  other  useful 
results  can  be  accomplished  with  such 
high-voltage  radiation. 

The  high-voltage  cathode-rays  of¬ 
fer  promise  in  the  treatment  of  deep- 
.seated  tumors,  since  these  rays  will 
have  sufficient  penetration  and  have 
maximum  effect  only  near  the  end 
of  their  range.  This  property  may 
facilitate  destruction  of  a  tumor 
without  damage  to  overlying  tissues, 
according  to  Dr.  William  D.  Coolidge, 
G-E  vice-president  in  charge  of  re¬ 
search. 


Electrostatic  Precipitators 
Remove  Oil  Mist  in 
Machine  Shops 

Higher  operating  speeds  of  modern 
machine  tools  and  resultant  in¬ 
creased  breaking  up  of  coolant  oil 
into  mist,  coupled  with  increased 
machine-hours  per  day  and  increased 
numbers  of  machines  in  a  given 
space,  create  a  serious  oil  smoke  and 
mist  problem  in  many  machine  shops 
today.  Efficiency  of  lighting  equip¬ 
ment  is  lowered,  visibility  is  reduced. 


MOBILE  MOUNTING 


^>T0UGHEST  TRANSFORMERS 


have  Drawn  Steel  Cases 

A  one-piece  Drawn  Steel  Transformer  Case  without 
seams  or  spot  welds  is,  because  of  its  simplicity,  the 
strongest  type  of  mechanical  construction.  Then,  too,  the 
one-piece  construction  provides  a  contittuous  electrical 
and  magnetic  path  resulting  in  better  shielding  from  out¬ 
side  electrical  and  magnetic  disturbances.  Absence  of 
seams  also  assures  maximum  protection  against  atmos¬ 
pheric  conditions — guarantees  longer  transformer  life. 
If  your  transformers  have  to  pass  the  most  rigid  tests. 
Potted  Transformers  in  Drawn  Steel  Cases  are  probably 
your  answer.  Write  for  information  on  this  Drawn  Steel 
Case  line! 

Pioneers  of  the  Compound  Filled  Drawn  Steel  Transformer  Case 


Two  metal  bracket!  bolted  within  the 
trunk  compartment.  pl\u  a  metal  plate 
iorminq  a  eheli,  accommodate  REL  emer- 
qency  radio  gear  in  rigid,  workmanlike 
style  and  itill  leave  room  for  the  spare  tire 


CHICAGO  TRANSFORMER 

CORPORATION. 

3501  WEST  ADDISON  STREET  •  CHICAGO 
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All  honor  to  the  men  behind  the  guns  Ken-Rad  salutes  them  heroes 
they  Not  only  salutes  with  words  but  with  electronic  tubes  that 
sight  time  and  fire  the  guns  that  detect  enemy  nearness  in  advance 
of  sight  or  sound 


Electronic  engineers  knew  before  anyone  else  that  the  blitz  on 
Britain  was  thwarted  by  the  locators  which  gave  the  ground  defenses 
time  for  repulsing  action  And  we  know  that  Electronics  will  be  the 
servant  of  men  of  good  will  for  whom  Ken-Rad  now  is  working  at  war! 


TRANSMITTING  TUBES 
CATHODE  RAY  TUBES 
SPECIAli  PURPOSE  TUBES 
METAL  AND  UHP  TUBES 


and  a  fire  hazard  is  created  due  to 
condensation  of  oil  on  electrical  in¬ 
sulation  and  inflammable  materials. 

Although  simple  ventilation  can 
overcome  the  problem  to  some  extent, 
it  is  prohibitively  expensive  in  many 
cases  because  the  required  large  vol¬ 
umes  of  air  cause  excessive  heat  loss 
in  winter  and  excessive  refrigeration 
loss  in  summer. 

Electrostatic  precipitation  of  oil 
mist  offers  a  more  satisfactory  solu¬ 
tion  in  many  respects.  Modern  pre¬ 
cipitators  have  greatly  increased  ef¬ 
ficiency,  and  now  produce  so  little 
ozone  and  oxides  of  nitrogen  that 
cleaned  air  can  be  recirculated  for 
ventilation.  Furthermore,  the  cool¬ 
ant  removed  from  the  air  is  recov¬ 
ered  as  a  liquid  and  can  be  used 
again.  The  average  amount  of  oil 
recovered  per  machine  is  about  two 
gallons  per  24  hours,  or  100  gallons 
per  day  for  a  50-machine  plant. 

When  machines  are  already  in  use, 
sheet  metal  hoods  and  ducts  should 
be  used  at  each  machine  to  collect 
the  mist  before  it  has  a  chance  to 
circulate  throughout  the  room.  In 
some  cases,  however,  it  would  be 
possible  to  design  machines  to  in¬ 
corporate  the  ventilating  ducts  and 
electrostatic  air  cleaner  within  the 
housing  of  the  machine. 

In  a  comparison  teat  of  a  Westing- 
house  Precipitron  and  a  standard 
I  mechanical  air  cleaner,  both  operat- 
i  ing  at  a  volume  rating  of  600  cfm, 
j  photographs  were  made  of  a  light 
beam  directed  inside  a  dark  space 
at  the  exhaust  end  of  each  unit.  The 

•  •  • 

i 

I  BALL  BEARING  DISPENSER 


This  simpls  IsTsr  and  iunnsl  airange- 
msnt  for  iesdinq  axactlY  nins  ball  bsar- 
ings  to  tho  contact  whool  ossombly  oi  o 
radio  tronsmittor  was  doTlsod  by  W.  D. 
Simpson,  an  assistant  general  loremon 
in  the  G-E  Electronics  Dept. 
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Quartz  shortages  are 

effecting  important 
improvements  in  cutting 
methods  and  equipment. 
DI-MET's  contribution  in  this 
direction  is  DYNAMIC 
FLATNESS,  a  method  for 
keeping  diamond  abrasive 
wheels  Hat  under  high  speed 
rotation.  This  new  perfection 
aids  in  obtaining  a  greater 
number  of  usable  quartz 
blocks  per  pound  of  raw 
material  by  reducing  runouts, 
chipping,  wafer  breakage, 
and  other  defects  caused 
by  rim  wobble. 

Ixp*rim«iit>  prove  that  all  blades 
which  test  flat  de  net  always 
operate  flat.  This  variation  is  due  to 
wnequalised  strains  within  the 
blade  which  are  released 
during  operation  and  reassert 
themselves  to  cause  blade  warpage 
and  rim  wobble. 

DI>MET  engineers  have  overcome  rim 
wobble  by  a  new  process  for 
obtaining  dynamic  flatness! 

Strains  are  first  equalised  throughout 
the  blade  —  and  the  rim  then 
placed  under  a  balanced,  radial 
tension.  The  tension  is  uniform 
throughout  the  circumference  and 
prevents  run-out  due  to 
normal  temperature  rise  and  nominal 
pressure  variation  during  cutting. 

With  proper  care,  DI-MET 
dynamically  flattened  blades  stpy 
flat  for  the  life  of  the  blade  —  net  only 
reduce  the  number  of  blades 
required  —  but  produce  mere  crystals 
per  pound  of  quarts!  Try 
dynamically  flattened  DI-MET 
Rimlecks.  You  pay  no  premium  for 
this  UTTER  cutting  tool  I 


New  catalog  illustrating 
DI-MET  Quarts  Cutting 
Machines  is  new  avail¬ 
able.  Have  you  received 
your  cepyT  Write  for  it  I 


CS  I  HECTRONICS 


GENERAL  RADIO  COMPANY 

Cambridge,  Massachusetts 


NEW  YORK 


light  beam  was  visible  in  proportion 
to  the  number  of  foreign  particles  re¬ 
flecting  light  in  the  air.  The  light 
beam  was  not  visible  on  the  film 
exposed  while  the  Precipitron  was 
operating,  and  densitometer  mea¬ 
surements  on  the  negatives  indicated 
that  the  electrostatic  filter  was  7.3 
times  as  efficient  as  the  mechanical 
filter. 

In  an  electrostatic  precipator,  a 
d-c  voltage  of  the  order  of  12,000 
volts  is  produced  by  a  power  pack 
using  high-voltage  rectifier  tubes. 
This  voltage  is  applied  to  a  fine  wire 
mesh  through  which  the  dust  par¬ 
ticles  first  pass,  thereby  charging 
the  particles.  The  dust-laden  air 
then  passes  through  a  system  of 
parallel  plates,  alternate  plates  being 
grounded  and  the  remaining  plates 
connected  to  a  6000- volt  d-c  terminal 
of  the  power  pack.  The  charged  par¬ 
ticles  are  pulled  to  plates  of  opposite 
polarity  and  thus  removed  from  the 
air. 


Using  Phone  Line  for  Remote 
Indication  of  Overmodulation 

By  Alvin  Leeman 

•  Chief  Engineer,  Station  WKBH 

The  simple  circuit  arrangement  in 
Fig.  1  permits  one  modulation  moni¬ 
tor  unit  to  provide  indications  at 
both  transmitter  and  studio  of  a 
radio  station. 

The  output  of  the  modulation  mon¬ 
itor  at  the  transmitter  location  is 
fed  to  a  d-c  relay  arranged  to  close 
its  contacts  on  overmodulation.  The 
studio-transmitter  order  line  and 
ground  provide  a  complete  circuit 
for  these  relay  contacts  to  the  grid 


MAINTENANCE 

helps  to  keep  them  in  service 


Your  impedance  bridge,  like  your  auloinobile,  needs  occa¬ 
sional  cleaning  and  lubrication. 

Moving  contacts  wear  out  faster  when  dry  and  when  dust 
gets  into  them.  Neglect  may  result  in  failure  when  equipment  is 
needed  most. 

Periodic  maintenance  will  go  a  long  way  toward  keeping 
your  electrical  test  equipment  in  trouble-free  operation.  Increased 
life  and  reliability  will  more  than  repay  you  for  the  effort.  Set  up  a 
definite  maintenance  program  for  your  test  equipment. 

^  Thousands  of  usrrs  of  General  Radio  instruments  find  our 
SERVICE  AND  MAINTENANCE  NOTES  useful  in  keeping 
their  instruments  in  service.  If  you  do  not  already  have  these 
\  notes  for  your  GR  instruments,  send  us  the  type  numbers 
and  serial  numbers  of  the  equipment  you  have.  Your  service 
'  jg  notes  will  l»e  forwarded  promptly. 


Phor>f  hne 


1 1,000  to  4,000  chmt 
lcfr,trr -  toppoct  ’^isfOrS \ 


To  tranurrltfr  phono 


To  itvdn  phon 


Lamp  or  LhCrrlof 
{1,500 ohms) 

tOO.OOO  I 


Comprrsstr-  typo 
program 
amplifitr 


Modulation 

monitor 


!  Cunpnaertjfpr 
I  program 
j  amptifior 

Alternative 

series 

connection 


50,000  ohms- 
to  t  meg 


Fig.  1 — OTennodulation  indiccrtor  circuit 
and  phone  line  connections.  Ordinarily 
only  the  modulation  monitor  will  be  con¬ 
nected  to  the  transmitter  end  of  the  Hn* 


ELECTRONICS 


SPmUPWITHmilUPSSCRlWS! 

Give  your  assembly  line  Phillips  Recessed 
Head  Screws  and  you’ll  give  them  the 
ammunition  to  clean  up  lagging  assembly 
jobs  on  the  double-quick! 

In  most  cases,  change-overs  to  Phillips 
Screws  have  cut  driving  time  in  half!  All 
of  the  screw  driving  troubles  that  slow-up 
work  are  eliminated  by  the  Phillips  Re¬ 
cessed  Head.  The  scientific  recess,  by 
automatically  centering  the  driving  force, 
prevents  fumbling,  wobbly  starts  . . .  pre¬ 


broken  screw  heads  .  .  .  dangerous  screw 
driver  skids. 

The  Phillips  Recess  lends  "old-hand” 
skill  to  the  newest  newcomer  .  .  .  makes 
fast,  faultless  driving  automatic.  It  per¬ 
mits  power  or  spiral  driving  on  almost 
any  job. 

T hey  cost  less  to  use!  Compare  the  cost 
of  driving  Phillips  with  that  of  slotted 
head  screws.  You’ll  realize  that  the  price 
of  screws  is  a  minor  item  in  your  total 
fastening  expense  . . .  that  it  actually  costs 
less  to  have  the  many  advantages  of  the 


vents  slant-driven  screws  .  .  .  burred  and  Phillips  Recess! 


PHIUIPS^SCIIEWS 


KEY  TO  FASTENING  SPEED 
ANDKONOMY  | 

The  Phillips  Recessed  Head 
was  scientifically  engineered  to 
afford:  ^ 

Fast  Starting  —  Driver  point  au-  " 
tomatically  centers  in  ^e  rec^ 

. . .  fits  snugly.  Screw  and  driver 
"become  one  unit.’’  Fumbling, 
wobbly  starts  are  eliminated. 
Faster  Driving  -  Spiral  and  pow¬ 
er  driving  are  made  practical. 
Driver  won’t  slip  out  of  recess 
to  injure  workers  or  spoil  ma¬ 
terial.  (Average  time  saving  is 
50%. ) 

Easier  Driving  -  Turning  power 
is  fully  utilized  by  automatic 
centering  of  driver  in  screw 
head.  Workers  maintain  speed 
without  tiring. 

latter  Fastenings  —  Screws  are 
set-up  uniformly  tight,  without 
burring  or  breaking  heads.  A 
stronger,  neater  job  resulu. 


*  WOOD  SCREWS  •  MACHINE  SCREWS  SELF-TAPPING  SCREWS  •  STOVE  BOLTS 


Ansrlean  8«r«w  C«..  PrsvItfMtt,  R.  I. 

Th«  Bristol  Co..  Wsterbury,  Cosn. 

Contral  Screw  Co.,  Chicaic.  Mi. 

Chsndlor  Producti  Corp..  Cleveland,  Ohio 
ContlBontal  Screw  Co..  New  Badford.  Mau. 
The  Corhia  Screw  Carp..  New  Britain.  Conn. 
The  H.  M.  Harper  Co..  Chleape.  III. 


International  Screw  Co.,  Detroit.  Mich. 

The  Lamson  a  Settiant  Ca.,  Clavelaad.  Ohio 
The  National  Screw  &  Mts.  Co.,  Cleveland,  Ohio 
New  Enpland  Screw  Co..  Keene,  N,  H. 

The  Charles  Partor  Co.,  Meriden.  Ceaa. 
Parfcer>Kaloa  Carp.,  New  Yerk.  M.  Y. 

Pawtucket  Screw  Co.,  Pawtucket,  R.  I. 


Pheell  Manutacturinp  Co.,  Chlease.  III. 

Roadlnp  Screw  Co.,  Norristown.  Pa. 

Russell  Burdsall  S  Ward  Bolt  4  Nut  Co.,  Port  Chester,  N.  Y. 
Scevlll  Manutacturinp  Ce.,  Watervlllc,  Conn. 

Shakeproof  Inc.,  Chicago,  III.  • 

The  Southington  Hardware  Mfg.  Co.,  Southington.  Conn. 
Whitnoy  Serew  Corp.,  Nashua,  N.  H.  i 
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circuit  of  a  gas  triode  at  the  studio. 
Closing  of  the  contacts  lowers  the 
bias  on  the  tube  enough  to  energize 
the  relay  or  lamp  in  the  plate  circuit 
and  give  the  desired  indication. 

The  center-tapped  resistor  across 
the  phone  line  at  each  end  should 
be  made  high  enough  in  resistance  to 
prevent  it  from  affecting  normal  use 
of  the  telephone  line.  Satisfactory 
operation  can  be  obtained  with  less 
than  1  ma  of  relay  current  in  the  line 
circuit. 

As  some  of  the  compressor  types 
of  program  amplifiers  also  have  fa¬ 
cilities  for  operating  relays  at  some 
predetermined  level,  they  can  be  used 
in  place  of  the  modulation  monitor, 
or  the  contacts  of  the  relays  of  each 
unit  can  be  connected  either  in 
parallel  or  in  series  to  indicate  a 
predetermined  program  condition.  In 
parallel,  either  the  modulation  moni¬ 
tor  or  the  program  amplifier  can  pro¬ 
duce  an  indication  at  the  studio.  In 
series,  the  relays  of  both  monitor  and 
amplifier  must  operate  to  give  a  stu¬ 
dio  indication. 

In  adjusting  the  device  for  opera¬ 
tion,  first  see  that  the  relay  contacts 
at  the  transmitter  end  of  the  order 
wire  stay  open.  Decrease  the  bias 
voltage  at  movable  contact  A  until 
the  relay  or  lamp  in  the  plate  circuit 
of  the  885  tube  is  energized,  then 
increase  the  bias  voltage  until  the 
relay  or  lamp  is  no  longer  energized. 
Increase  the  bias  slightly  more  so 
that  induced  voltage  on  the  telephone 
line  will  not  operate  the  indicator. 

For  the  adjustment  of  B,  close  the 
relay  contacts  at  the  transmitter  end 
of  the  order  wire  and  move  sliding 
contact  B  toward  the  negative  side 
of  the  voltage  divider  until  the  relay 
or  indicating  lamp  is  deenergized, 
then  move  this  contact  toward  the 
positive  side  until  the  relay  or  lamp 
is  again  energized.  Slide  the  contact 
a  little  further  in  the  same  direction 
so  that  positive  operation  of  the  de¬ 
vice  is  assured. 

In  the  circuit  as  shown  in  Fig.  1. 
the  relay  in  the  plate  circuit  of  the 
885  tube  will  operate  as  a  buzzer- 
type  indicator.  A  2-/if  capacitor 
across  the  relay  coil  will  cause  this 
relay  to  operate  as  a  straight  relay, 
however,  and  its  contacts  can  then  be 
used  to  make  or  break  other  circuits 
as  desired. 

For  those  desiring  to  use  a  neon 
bulb  as  a  peak  indicator  and  a  lamp 
or  buzzer  as  an  overmodulation  indi¬ 
cator,  the  arrangement  shown  in  Fig 


DON'T  PEEK  OVER 

:IIH'S*  SAov/(/er 


Sure!  If  you  are  interested  in  mica,  what  he’s 
reading  will  be  absorbingly  interesting  to  you. 
But  there’s  no  need  to  glance  furtively  over 
Micah’s  shoulder. 

We’ll  gladly  send  you  a  copy  of  this  Macallen 
Mica  Book,  if  you’ll  just  tell  us  you’d  like  one. 
You’ll  find  it  a  valuable  reference  work. 

It  tells  how  Macallen  developments  with  mica 
have  kept  pace  with  achievements  in  the  elec¬ 
trical  field  since  Thomas  A.  Edison  found  it 
so  superior.  It  tells  about  sheets,  sizes  and 
forms ;  about  combinations  with  cloth  and 
paper;  about  grades  and  colors;  what  each  is 
good  for. 

Also,  it  indicates  the  special  co-operation  you 
can  get  from  both  the  engineering  and  produc¬ 
tion  departments  of  The  Macallen  Company, 
now  so  largely  engaged  with  electronic  prob¬ 
lems.  Do  send  for  a  copy  today. 

*Micab  represents  the  high-grade  mica 
products  processed  by  Macallen. 


•  PRODUCTS 

Compressed  Sheets  —  Mica  Paper, 
Cloth,  Tape.  Heater  Plate,  Compressed 
Sheet  Tubing  —  Commutator  Insulation 

—  Compressed  Sheet  Washers  —  In¬ 
sulating  Joints  and  Canopy  Insulators 

—  Railway  Specialties  —  Domestic  and 
Imported  Raw  Mica.  Always  specify 
MACALLEN  MICA. 


16  MACALLEN  ST..  BOSTON 


CHICAGO:  MS  W.  Waihiagf..  Ilvd.  CLIViLAND:  lOOS  LMd.r  IldG 


ELECTROMC 
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Little  Sister  to  the  Clipper 


Illustrated  here  is  one  of  the  Pan  American  Airways’ 
huge  4214  ton  Transocean  Qippers.  In  the  inserts  are 
shown  the  landing  gear  and  the  Micro  Switches  which 
are  used  as  limit  switches  on  Pan  American’s  Grum¬ 
man  Widgeon  trainers.  This  plane  is  often  referred 
to  as  the  "Little  Sister  to  the  Clipper.’’ 

These  trainers  are  used  for  training  the  intrepid  pilots 
who  fly  the  giant  Qippers  over  the  seven  seas.  Be¬ 
cause  of  the  nature  of  the  work  performed,  it  is 
obvious  that  every  precaution  must  be  taken,  every 
contingency  provided  for.  That  is  why  Pan  American 
depends  on  the  rugged  dependability  of  Micro  Switch. 

Thumb-size  and  feather-light.  Micro  Switch  is  amaz¬ 
ingly  rugged,  resists  vibration,  and  requires  no  level¬ 
ing.  It  operates  precisely  at  the  same  point  for  millions 
of  operations  with  lightning-fast  contact  action.  It  is 
accurately  built  to  ^exact  standards  ftom  precisely 
made  pans.  Its  performance  characteristics  can  be 
changed  to  meet  functional  requirements. 

Micro  Switches  are  used  to  perform  many  different 


functions  in  aircraft.  Special  brackets,  actuators,  and 
aluminum  housings  are  available  for  this  purpose. 
For  heavy  duty  service  such  as  machine  tools,  there 
are  Micro  Switches  enclosed  in  steel  which  can  be 
sealed  against  dirt,  dust,  water,  oil,  metal  chips  and 
other  foreign  particles. 

All  Micro  Switches  can  be  supplied  with  a  variety  of 
actuators  to  meet  all  needs.  Micro  Switches  operate 
on  pressures  as  low  as  one  ounce  and  movements  as 
low  as  .0002*'.  Micro  Switch  is  listed  by  Underwriters’ 
Laboratories  with  ratings  of  1200  V.A.  loads,  from 
125  to  600  volts  A.C. 

Every  engineer  should  have  a  copy  of  Micro  Switch 
Handbook  Catalogs  which  tell  and  illustrate  the  prin¬ 
ciples  and  applications.  Handbook  Catalog  Number 
60  deals  with  Micro  Switch  in  general,  and  Number 
70  is  written  specifically  for  airaaft  applications. 

Micro  Switch  Corporation,  Freeport,  Illinois 
Branchas:  43  E.  Ohio  St.,  Chicago  *  11  PaxkPlaco,  Now  York  City 
Salas  and  Enginaaring  Officas:  Boston  •  Hartford  •  Los  Angolas 


The  trademark  MICRO  SWITCH  is  our  property  and  identifies  switches  made  by  Micro  Switch  Corporation 

C  1943 

MICRO  SWITCH 

Made  Only  By  Micro  Switch  Corporation  Freeport  Illinois 


SETTING  NEW  STANDARDS  IN 
COMMUNICATION  RECEIVER  DESIGN 


Tt  frtmmJHtr  phtm  ^ 


Fig.  2 — Ah*rnatiT0  studio  circuit  for  pro- 
Tiding  both  poak  and  OYormodulation  in¬ 
dications.  Tho  50-Mi  capacitor  provents 
tho  OTormoduiotion  rolay  from  oporatinq 
on  momontory  peaks 


2  can  be  used.  The  overmodulation 
indicator  then  operates  only  when 
the  modulation  monitor  relay  re¬ 
mains  closed  an  appreciable  period 
of  time  due  to  sustained  loud  tones, 
applause  or  other  causes  of  over¬ 
modulation.  The  20,000-ohm  rheo¬ 
stat  is  used  to  vary  the  period  of 
time  between  the  moment  the  neon 
lamp  lights  and  the  relay  closes.  This 
gives  an  indication  of  average  peaks 
and  a  warning  when  the  program 
level  has  been  materially  increased. 

The  use  of  this  device  has  been  of 
material  aid  to  inexperienced  oper¬ 
ators  in  maintaining  satisfactory 
program  levels. 


Rectit  er,  ready  to  plug 
into  tu  elve-voh  battery. 
Only  li'T  X  11"  X  18"; 
weight  48  lbs.  .  .  .  and 
view  of  chassis  removed 
from  dust  cover. 


Quickly  assembled  ^ 

from  HARVEY  UNITIZED  CELLS 


Reflecting  the  full  advantages  of  Harvey  Machine  Unitized  Cells,  this 
four-band  communication  receiver  for  use  in  aircraft  or  other  mobile 
services  fills  an  important  need  for  a  quickly  produced,  easily  serviced 
receiver.  The  RF  SECTION  consists  of  three  Harvey  RF  Cells;  the  IF 
SECTION  comprises  three  IF  Cells;  and  the  Audio  Stages  use  but  one 
Audio  Cell.  A  Power  Supply  Cell  is  the  eighth  unit  in  the  receiver. 

Original  assembly  of  the  receiver  and  its  later  servicing  in  the  held, 
in  event  of  damage  to  a  portion  of  it,  are  done  with  standardized  cells 
on  bus  bar  connectors  which  require  no  solder  or  circuit  diagrams. 


MUSIC  FROM  HOME 


All  H«rv«y  •l•ctrenK  units  ore  ossnmbUd  from 
thn  thrnn  basic  calls,  shewn  at  the  right,  loch  is  a 
cemplnta,  saH-centainad  circuit  alamant  ready  for 
assembly  with  other  cells  to  meet  the  performance 
specificatians.  Note  the  exclusive  Harvey  rotary  band 
changing  turret-coil  in  the  RF  cell. 


Write  for  descriptive  data  on  Harvey 
Communication  Receivers.  Cells  to  meet 
specific  requirements  available  to  other 
manufacturers  for  use  with  their  products. 


Other  Horvey 
Divisions 

AWCRAFT 

OtDNANCi 


Cpl.  Stanley  Whittier,  of  South  Lincoln. 
Maine  seems  to  have  something  pleasant 
from  home  tuned  in  on  the  radio.  Below 
him  is  Pvt.  Donald  Saulter  of  Missoula. 
Montana.  The  two  men  are  stationed  at 
a  U.  S.  Army  outpost  in  Alaska 


6200  Avalon  Blvd. 
Los  Angeles  3,  California 


For  over  a  quarter 
century  geared  to 
flying  production 
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Resist  Heat,  Flame,  Cold,  Moisture  . . .  Provide  Long-lived  Performance 


ROCKBESTOS  RESEARCH 

Solves  Difficult  Wiring  Problems 


Do  your  electronic  wiring  requirements  call  for : 

(1.)  wires  that  are  unaffected  by  insulation-baking 
heat  ranging  up  to  125°  C.  or  frigid  sub-zero  cold  as  low 
as  -50®  C.? 

(2.)  wires  that  are  resistant,  not  only  to  heat  and  cold, 
but  flame,  moisture,  oil,  grease,  alkalies  and  caustics? 

(3.)  wires  that  are  small  in  diameter  and  light  in 
weight,  yet  unusually  high  in  dielectric  strength? 

(4.)  wires  that  are  designed  to  meet  severe  and  unusual 
operating  conditions? 

.  .  .  then  it  will  pay  you  to  investigate  the  Rockbestos 
line  of  permanently  insulated  wires,  cables  and  cords. 
122  standard  constructions  ranging  from  No.  30  AWG 
magnet  wire  and  including  everything  up  to  2,500,000 
CM  power  cable  in  voltage  ratings  from  300  V.  to  5000  V. 
— most  of  them  possessing  many  of  the  characteristics 
listed  above — all  of  them  having  an  inherent  resistance 
to  severe  operating  conditions  that  makes  for  exceptional 
electrical  performance. 

Rockbsttos  Firewall  Radio  Hookup  Wire,  the  first  of  its  type, 
designed  in  1937  by  Rockbestos,  is  exceptionally  high  in  dielec¬ 
tric  strength  even  though  its  synthetic  tapes,  felted  asbestos  and 
lacquered  color-coded  glass  braid  combine  to  make  a  small 
diameter,  light  weight  construction.  May  be  operated  up  to 
125°  C.  and  is  resistant  to  heat,  cold,  flame,  oil,  grease,  gasoline, 
etc.  Widely  used  in  aircraft  radio,  ground  installations  and 
instruments. 


Rockbestos  Products  Corp.,  401  NIcoll  Street,  New  Haven,  Conn. 


Shielded  Rockbestos  Firewall  Radio  Hookup  Wire,  the  same 
wire  as  illustrated  above  with  a  tinned  copper  shielding  braid 
applied  to  meet  such  requirements  as  minimizing  the  effect  of 
conductor  radiation  and  pickup. 

Rockbestos  All-Asbestos  Insulated  Lead  Wire  will  not  dry  out 

and  crack  under  heat  and  vibration,  won’t  rot,  swell  or  flow  as  a 
result  of  contact  with  oil  or  grease,  and  has  ample  moisture 
resistance  for  most  applications.  It’s  the  type  used  in  electric 
ranges,  hot  plates,  waffle  irons  and  for  laboratory  oven  leads. 
Rockbestos  Type  CA  Lead  Wire  has  the  same  general  characteris¬ 
tics  as  mentioned  above,  plus  additional  moisture  resistance  and 
higher  dielectric  strength  provided  by  the  thin,  tough,  moisture- 
resistant  synthetic  tape  next  to  the  conductor.  For  humid  loca¬ 
tions  and  localities. 


Rockbestos  Thermostat  Control  Wire  is  widely  used  in  heat  con¬ 
trol  devices,  also  low  voltage  signal  and  intercommunicating 
systems  requiring  a  compact  multi<onductor  control  wire.  Its 
lifetime  insulation  and  rugged  armor  assure  troubleproof  circuits. 
Rockbestos  Duplex  Heat  Resisting  Flexible  Cord  is  designed  for 
300  volt  service  in  pendant  lighting  fixtures,  instrument  and 
apparatus  leads,  small  heating  devices,  etc.  Its  asbestos  insula¬ 
tion  won't  bake  brittle  or  crack  under  heat  and  is  resistant  to 
oil,  grease,  moisture  and  corrosive  fumes. 


These  few  wires  will  give  you  some  idea  of  what  we  have 
to  offer  in  our  line  of  122  permanently  insulated  standard 
constructions.  Call  on  us  for  recommendations  and 
wiring  advice.  Rockbestos  Research  will  gladly  develop 
wires  for  unusual  electronic  applications.  For  informa¬ 
tion  write  to  the  nearest  branch  office  or: 


Nt^'  YORK,  BUFFALO.  CLEVELAND.  CHICAGO.  PITTSBURGH.  ST.  LOUIS.  LOS  ANGELES,  SAN  FRANCISCO.  SEATTLE.  PORTLAND.  ORE. 


Converting  Capacity  Change*- 
Into  Current  or  Voltage 
Changes 

A  DUAL-OSCILLATOR  CIRCUIT  for  con¬ 
verting  small  changes  in  capacity 
into  corresponding  electrical  changes 
is  described  by  E.  V.  Potter  in  the 
May  1943  Review  of  Scientific  In-, 
struments.  It  has  low  background 
noise,  high  sensitivity,  and  is  rela¬ 
tively  free  from  interference  by  local 
electrostatic  and  magnetic  fields.  The 
circuit  can  be  used  to  study  vibra¬ 
tions  or  capacity  changes  having 
frequencies  ranging  from  0  to  over 
200  kc,  and  has  been  found  particu¬ 
larly  useful  by  the  U.  S.  Bureau  of 
Mines  in  connection  with  seismo¬ 
meters  for  recording  earth  vibra¬ 
tions,  in  studies  of  the  motion  of 
large  vibrating  surfaces,  in  measure¬ 
ment  and  recording  of  the  elongation 
of  test  specimens  being  stretched, 
and  in  a  host  of  other  machines  used 
in  metallurgical  research. 


Fig.  1 — EtMntial  pozti  of  a  drcnit  lot 
chonging  copoclty  Toriattona  into  aurrat 
▼oriotions.  It  is  olton  roiorrod  to  ai  o 
troniducor  circuit 


The  basic  circuit  arrangement  is 
shown  in  Fig.  1.  The  two  r-f  oscil¬ 
lator  circuits  are  isolated  from  each 
other  as  much  as  possible,  so  that  the 
only  pRth  for  interchange  of  signals 
is  through  the  coupling  circuit  con¬ 
sisting  of  rectifier  Vi,  d-c  milliam- 
meter  Mt  and  coils  L,  and  Lt  which 
are  closely  coupled  to  the  tuning  cir¬ 
cuits  of  r-f  oscillators  A  and  B  re¬ 
spectively.  These  oscillators  are  as 
nearly  alike  as  possible,  and  are  nor¬ 
mally  operated  so  they  would  oscil¬ 
late  at  virtually  the  same  frequency 
if  the  coupling  circuit  were  removed. 

The  coupling  provided  through  the 
coupling  circuit  is  adequate  to  make 
the  oscillators  synchronize,  even 
when  the  frequency  of  one  oscillator 
is  changed  within  certain  limits. 
R-F  current  in  the  coupling  circuit 
is  a  minimum  when  both  oscillators 
are  tuned  to  the  same  frequency,  and 


Sail  water  doesn’t  freeze 
BEARINGS  OF  INSUROK 


Oargo  ships,  escort  vessels  and  sub¬ 
merging  submarines,  bound  for 
the  fighting  fronts  face  many  haz¬ 
ards  in  addition  to  those  of  enemy 
craft.  Pump  bearings  that  have  be¬ 
come  frozen  by  electrolytic  action,  for 
instance,  can  cause  dangerous  delays 
and  require  costly,  difficult  repair. 

That  is  one  of  the  reasons  why  Lami¬ 
nated  INSUROK  is  being  used  on 
many  of  the  centrifugals  that  pump  in 
ballast  for  submersion,  that  circulate 
water  through  important  cooling  sys¬ 
tems,  or  that  are  just  installed  as 
stand-by  equipment.  In  the  develop¬ 
ment  of  this  part,  Richardson 
Plasticians  suggested  the  grade  of 


INSUROK  best  suited  for  this  partic¬ 
ular  use — suggested  it  because  of  its 
high  strength,  wearability  and  dielec¬ 
tric  qualities — recommended  it  be¬ 
cause  it  has  been  so  successfully  used 
where  self-lubricated  as  well  as  water, 
oil  or  grease  lubricated  bearings  were 
required. 

In  meeting  the  needs  of  today  and 
in  helping  to  plan  for  ’’tomorrow,” 
Richardson  Plasticians  are  continu¬ 
ally  recommending  the  grade  of 
Molded  or  Laminated  INSUROK  to 
meet  various  combinations  of  speci¬ 
fications.  They  will  be  glad  to  suggest 
the  commercial  or  special  grade  to 
meet  all  the  conditions  under  which 
your  present  or  plan-stage  product 
will  perform.  Write  for  complete  in¬ 
formation. 


RICHARDSON  COMPANY 
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Detail  view  of  final  amplifier  tube  circuit  conifruction. 


CRAFTSMANSHIP 

Radio  communications  equipment  is  a  highly 
specialized  and  technical  product.  Its  success¬ 
ful  performance  is  largely  dependent  upon  the 
qualifications  and  ability  of  the  men  responsible 
for  ils  design  and  construction.!  TEmCO  engi¬ 
neers,  designers  and  technicians  never  lose  sight 
of  their  individual  responsibility.  This  is  one 
reason  why  TEMCO  continues  to  enjoy  an  un¬ 
excelled  reputation  in  radio  communications 
engineering.  ■ 


Model  =  1000  AG  CW  1000  Watt  telegroph 
Iranimitter  with  motor  drive  frequency  selector. 


Underside  view  of  low  voltage  and  relay  con¬ 
trol  chassis.  Model  -Jr  1000  AG-CW  transmitter. 


STANDARD  AND'CUSTOM-BUILT  RADIO  COMMUNICATION  EQUIPMENT 
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increases  with  detuning  of  either 
oscillator  as  power  is  transferred 
between  oscillators  to  keep  them  in 
synchronism.  The  coupling  current 
is  a  maximum  near  the  point  where 
further  detuning  will  cause  the  oscil- 
lators  to  drop  out  of  synchronism. 

The  actual  current  values  will  de¬ 
pend  on  thje  amount  of  power  being 
transferred,  the  resistance  of  the 
coupling  circuit,  rectifier  tube  and 
meter,  and  the  amount  of  coupling 
between  the  tuning  coils  and  the 
coupling  coils.  The  shape  of  the 
current-capacity  curve  can  be  con¬ 
trolled  by  changing  the  arrangement 
of  eoils. 


SERVICE  AND  REPLACEMENTS 
for  your  PRESTO  TURNTABLES 


30  50  .TO  90  no  130  150  170  190 
Copocitij  in  ppf 


Although  90%  of  our  plant  is  now  making  war  equip- 
ment  other  than  recorders,  we  still  maintain  a  service 
department  and  a  complete  stock  of  replacement  parts 
for  the  convenience  of  Presto  owners. 

You  can  add  years  to  the  life  of  your  turntables,  by 
giving  them  a  periodic  factory  reconditioning. 

These  are  the  parts  of  your  Presto  tables  that  should 
be  checked  at  least  once  a  year. 

1 .  Cutting  heads  and  pickups. 

2.  Rubber  tires,  idler  wheels  and  motor  mounting 

grommets. 

3.  Bronze  gears  and  bearings. 

4.  Cutting  mechanism  feed  finger. 

5.  Cutting  mechanism  and  turntable  alignment. 

6.  Motor  bearings  and  pulleys. 

If  your  equipment  has  not  been  serviced  recently,  arrange 
to  send  your  tables  to  us  one  at  a  time.  Reconditioning 
will  be  handled  promptly  and  at  moderate  cost. 

Apply  your  AA-2  or  AA-1  priority  to  your  order  to 
cover  critical  materials. 


Fig.  2 — Typiced  curvet  showing  variation 
of  synchronising  current  in  coupiing  circuit 
with  tuning  capacity  for , various  coupling 
coil  arrangements.  These  curves  were  ob¬ 
tained  with  the  circuit  in  Fig.  3 


Examples  of  curves  for  various 
coupling  coil  arrangements  are  shown 
in  Fig.  2.  These  were  obtained  by 
plotting  coupling  circuit  current 
against  change  in  capacity  of  one  of 
the  oscillator  tuning  condensers. 
Curve  IV  is  best  for  general  use  be¬ 
cause  it  has  a  high  sensitivity  (about 
2  ma//u./if)  and  a  large  region  in 
which  current  is  a  straight-line  func¬ 
tion  of  capacity.  The  coil  arrange¬ 
ment  giving  this  curve  is  shown  in 
Fig.  3  along  with  the  actual  trans¬ 
ducer  circuit  now  being  lused  by  the 
Bureau  of  Mines. 


The  circuit  in  Fig.  3  is  essentially 
the  basic  circuit  of  Fig.  1  arranged 
for  operation  from  a  single  60-cycle 
a-c  power  pack,  with  a  4-pole  double¬ 
throw  switch  in  the  coupling  circuit 
to  provide  a  more  flexible  output 
The  input  terminals  are  arranged  so 
the  capacity  pick-up  device  can  be 
connected  in  parallel  with  the  tuning 
capacitor  of  either  oscillator  or, 
when  the  pick-up  provides  two  ca¬ 
pacities  one  of  which  decreases  as 
the  other  increases,  one  can  be  con- 
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ELECTKOINICS 


S^AGUE  ARMV-NAVV  £  AWARD 

at  BRowNSt  PLANT  WORKING  Tnr.t:THFD/i.^\/irTnRV  fri. 


SPRAGUE 

CAPACITORS 

&  KOOLOHM  RESISTORS 
Quality  Products  ^Expertly 
Engineered — Competently  Produced 


THIS  IS  WHAT  COUNTS! 

There’s  a  difference  between  working  on  “gadgets”  and  being  an  integral 
part  in  the  manufacture  of  quality  products  that  are  a  matter  of  intense  pride 
throughout  the  community  in  which  you  live.  That  difference  represents 
the  extra  “plus”  factor  of  goodness  you  find  in  Sprague  Capacitors. 

North  Adams  is  not  a  large  city.  It  doesn’t  produce  a  great  deal  by  big- 
city  standards— but  what  it  does  produce  it  believes  in  producing  right. 
And  Sprague  Capacitors  and  Koolohm  Resistors  by  the  hundreds  of  thou¬ 
sands  are  among  its  chief  products. 


SPRAGUE  SPECULTIES  COMPANY,  North  Adams,  Moss. 


WORKING  TOGITHER  FOR  VICTORY 

Sprague  Army-Navy  "E”  presenfatian 
day  was  a  holiday  in  North  Adams — but 
a  holiday  on  which  everyone  still  worked. 
At  right  is  one  of  many  congratulatory 
window  displays  made  by  North  Adams 
merchants.  At  left  is  the  day's  North 
Adams  Transcript  with  a  16-page  section 
devoted  to  the  event. 
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COMPOUND 
DRY  VACUUM 
PUMP 


25Z6CT 


for  Unusually  High  Vacuums 


t|-20fums 


Fig.  3 — CompUts  transducer  drcult.  with 
coil  construction  data 


nected  to  each  oscillator  for  doubled 
sensitivity. 

The  circuit  fundamentally  pro¬ 
vides  a  low-impedance  ouput,  mak¬ 
ing  it  adaptable  for  use  with  a  low- 
impedance,  current-operated  measur¬ 
ing  or  recording  instrument.  This  is 
connected  between  the  LOW  and  GR. 
output  terminals,  with  switch  SW’, 
in  the  upper  position.  The  minimum 
current  value  (or  the  normal  value  if 
the  operating  point  is  chosen  some¬ 
where  near  the  middle  of  the  linear 
region  of  the  curve)  may  not  be  de¬ 
sirable  in  some  applications  because 
of  its  effect  on  sensitivity  and  range. 
For  this  reason,  a  battery  and  rheo¬ 
stat  /?-  are  provided  in  a  bucking 
circuit  to  permit  reducing  to  zero 
the  initial  current  in  the  external 
circuit.  Meter  M,  (0-50  ma.)  then 
reads  the  total  d-c  synchronizing 
current,  and  meter  M,  (3-0-3  and 
30-0-30  ma.)  reads  the  actual  cur¬ 
rent  in  the  external  circuit. 

It  is  sometimes  desirable  to  use 
a  high-impedance  voltage-operated 
device  such  as  a  cathode-ray  oscillo¬ 
scope,  or  to  amplify  the  output  sig¬ 
nal  before  it  is  measured  or  re¬ 
corded.  To  obtain  the  required  vol¬ 
tage  output  for  this  purpose,  switch 
SW,  is  thrown  to  its  lower  position, 
which  inserts  1000-ohm  resistor  R, 
in  the  coupling  circuit.  The  HIGH 
and  GR.  output  terminals  are  used. 

A  well-regulated  power  supply  is 
required  to  eliminate  effects  of  line 
voltage  variations.  Satisfactory  re¬ 
sults  were  obtained  with  the  uni¬ 
versal  half-wave  rectifier  shown  in 
Fig.  3,  with  a  voltage  regulator  tube 
across  the  output. 


The  Kinney  Model  CVD  Compound  Vacuum  Pump  is  not  a  new 
pump!  It  was  brought  out  several  years  ago  after  extended  experi¬ 
mentation  and  utilizes  the  working  mechanism  of  the  well  known 
Kinney  VSD  and  DVD  Vacuum  Pumps.  To  those  experienced  in 
the  task  of  creating  and  maintaining  high  vacuums  with  mechani¬ 
cal  pumps,  the  results  claimed  for  this  Kinney  compound  pump  were 
astonishing.  Laboratory  readings,  on  an  ionization  gauge,'  of  0.5 
microns  (0.0005  mm.)  are  regularly  obtained  and  tests  have  shown 
readings  on  the  McLeod  gauge  of  better  than  0.1  micron.  For  next 
higher  range  of  absolute  pressures,  Kinney  Single  Stage  Pumps  are 
available  in  sizes  from  12  to  680  cu.  ft. 


and  operating  expense  since  cold 
traps  are  eliminate  and  the  pump¬ 
ing  system  simplified. 


Since  first  announced,  the  CVD 
pumps  have  been  widely  used  and 
results  in  actual  service  in  a  wide 
variety  of  uses,  especially  in  the 
lamp  and  tube  field,  have  been  ex¬ 
cellent.  For  many  services,  the  final 
vacuum  produced  by  these  pumps  is 
so  high  that  they  have  replaced  mer¬ 
cury  vapor  pumps  with  gratifying 
results  both  as  to  production  times 


Bulletin  18  contains  complete  de¬ 
scriptions,  capacity  and  dimension 
tables,  and  efficiency  curves  covering 
all  Kinney  High  Vacuum  Pumps  .  .  . 
includes  a  valuable  section  giving 
formulas  for  determining  correct 
pump  sizes — address  any  office  listed. 


KINNEY  MANUFACTURING  CO 


3565  WASHINGTON  ST..  JAMAICA  PLAIN,  BOSTON.  MASS. 
New  York  *  Chicago  *  Los  Angeles  *  Philadelphia  •  Son  Francisco 
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0.00002  to  10,000  VOLTS! 


BALLANTINE 

ELECTRONIC 

AC  VOLTMETER 

AND  ACCESSORIES 


MODEL  505 
ARTIFICIAL  EAR 


MODEL  402 
MULTIPLIER 


This  enormous  range  of  voltages — five  hundred  mil¬ 
lion  to  one — is  accurately  covered  by  our  Model  300 
Electronic  Voltmeter  and  some  of  the  accessories 
shown  above.  Frequency  range  10  to  150,000  cycles. 
Accuracy  2%  over  most  of  the  range.  AG  operation. 
Five  decade  ranges  w  ith  logarithmic  scale  make  read¬ 
ings  especially  easy.  Uniform  decibel  scale  also  pro¬ 
vided.  Over  a  thousand  of  these  instruments  are 
giving  excellent  service  in  Government,  commercial 
and  university  laboratories  and  factories. 

Send  for  Bulletin  8 


MODEL  VP-5 
VIBRATION 
PICKUP 


MODEL  220 
DECADE  AMPLIFIER 


BALLANTINE  LA  BOB  ATO  K  I  ES,  INC. 

BOON  TON,  NEW  JEBSEY,  1.  S.A. 
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Post-War  Picture 


{Continued  from  page  87) 


inevitably,  help  unearth  other  indus¬ 
trial  applications  for  the  same  or 
similar  gear. 

'  Importance  of  Field  Work 

The  best  possible  method  by  which 
the  engineer  may  obtain  accurate  in¬ 
formation  regarding  required  indus¬ 
trial  electronic  equipment  design 
features,  perhaps  the  only  one,  is  to 
go  where  the  problems  exist.  The 
electronic  engineer  of  the  future  will 
spend  more  time  in  the  field  since 
in  many  cases  the  machines  he  will 
have  to  control  electronically  cannot 
be  brought  to  the  laboratory. 

A  desire  on  the  part  of  the  engi¬ 
neer  to  go  out  into  the  field  for  the 
practical  answers  to  his  problems  can 
bring  surprising  results.  It  not  only 
provides  practical  answers  to  indus¬ 
trial  design  problems  but  also  stimu¬ 
lates  the  creative  talents  in  other 
profitable  directions. 

Training  of  Sains  Enginnnrs 

The  problem  of  educating  sales 
engineers  and  sales  representatives 
to  properly  present  specialized  com¬ 
ponents  and  equipment  to  engineers 
of  other  industries  will  be  a  most 
difficult  task  and  one  which  must  be 
shouldered  by  the  electronic  engi¬ 
neer. 

The  future  educational  program 
to  be  worked  out  requires  a  high 
order  of  engineering  knowledge  as 
well  as  creative  sales  talents,  an 
executive  combination  which  is  dif¬ 
ficult  to  find.  Engineers  of  this  cali¬ 
bre  will  be  in  greatest  demand. 

The  need  for  sales  engineers  and 
sales  representatives  who  have  been 
trained  as  specialists  in  certain  in¬ 
dustrial  fields  will  also  be  very  great 
since  only  men  thoroughly  convers¬ 
ant  with  the  relatively  complicated 
equipment  they  are  selling  and  the 
problems  of  their  prospects  will  be 
accepted  by  engineers  in  other  indus¬ 
tries. 

Sales  engineering  as  well  as  de¬ 
sign  engineering  will  be  a  highly 
important  field  of  endeavor  in  the 
industrial  electronic  market  of  the 
future.  It  has  long  been  a  lucrative 
field  for  engineers  in  other  indus¬ 
tries,  but  it  is  only  now  that  the  real 
need  for  capable  sales  engineers  in 
the  electronic  field  is  being  born. 


TRAINING  FILMS— Ready  now!  The 
new  Cannon  Electric  Slide  Film  wi^  sound  tells 
your  employees  how  to  use  elearical  connectors 
correctly  and  efficiently.  Clears  up  confusing 
terminology.  Explains  assembly  techniques. 
Shows  how  AN  part  numbers  are  established 
and  facilitates  the  ordering  of  replacements. 


CATALOGS 


Engineers,  produc¬ 
tion  executives,  service  men  need  the 
basic  information  clearly  presented  in 
the  new  catalogs  covering  many  types 
of  Cannon  Conneaors. 
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WALL  CHART 

Gives  the  insert  arrange¬ 
ment  and  shell  sizes  on 
AN  specification  connec¬ 
tors  at  a  glance,  thereby 
facilitating  designing, 
wiring  and  servicing 
operation  in  factories  as 
well  as  in  the  field. 


©CANNON  ELECTRIC 

Cannon  Electric  Development  Company,  Department  A-120 


3209  Humboldt  Street,  Los  Angeles,  California 
Please  send  us  more  information  on  the  visual  aids  chicked  below: 

TRAINING  FILM  □  CATALOGS  □  WALL  CHART  □ 
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Clockwito  Sh^  Rotjtion 


ere’s  a  variable  resistor 

with  the  highest  safety  factor  for  war  service 


There’s  a  big  margin  of  safety  in  the  conserva- 
ve  two-watt  rating  of  the  Type  J  Bradleyometer. 
0  other  variable  resistor  of  comparable  size  can 
eet  it.  The  resistor  element  is  solid  and  has  sub- 
lantial  thickness.  It  is  molded  with  the  insulation, 
erminals,  face  plate,  and  bushing  as  a  single  unit, 
oking  an  exceptionally  simple,  rugged,  and  reli- 
ble  resistor ...  with  no  rivets,  soldered  or  welded 
actions,  or  painted  resistor  elements. 

During  manufacture,  the  resistor  material  can  be 
oried  throughout  the  length  of  the  element  to 
rovide  practically  any  resistance-rotation  curve, 
'nee  the  unit  has  been  nnolded,  its  performance  is 
'  affected  by  heat,  cold,  moisture,  or  hard  use. 


Type  JS  Bradley¬ 
ometer  with  switch. 


The  low -resistance  carbon  brush,  which  makes  a 
smooth  contact  with  the  surface  of  the  molded  re¬ 
sistor,  assures  long  life  and  permanently  quiet 
operation.  All  these  factors  make  Bradleyometers 
especially  suited  for  the  war  conditions,  where 
space  is  limited  and  absolute  reliability  is  needed. 

Bradleyometers  can  be  used  separately  or 
assembled  to  give  dual  or  triple  construction  to  fit 
any  particular  control  need.  They  can  be  supplied 
for  rheostat  or  potentiometer  applications,  with  or 
without  a  switch.  Write  for  specifications  today. 


Type  J  Bradley¬ 
ometer  without  line 
twitch. 


sture,  or  hard  use.  twitch.  Type  E  Vi2-watt  non-intuloted  Brodleyunit  molded  fixed  retittor. 

Allen-Bradley  Co.,  II 0  W.  Greenfield  Ave.,  Milwaukee,  Wis. 


ALLE^-BRi|DLEY 

FIXED  &  VARIABLE  RADm^  RESISTORS 

QUHIITV^^  ■ 
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Transmission 
Line  Chart 


flECl 


FIRST  WOMAN  RADIO 
ENGINEER  AT  G.E. 


(Continned  from  page  94) 


which  differs  slightly  from  the  true 
value  of  136.5/66®  ohms. 

Knowing  the  input  impedance  and 
the  voltage,  the  input  current  will  be 


The  current  distribution  can  be  fol¬ 
lowed  on  line  XZ  in  Chart  II. 

The  author  is  indebted  to  Prof.  C 
Breitfeld,  University  of  Prague,  for 
the  principles  of  this  method  which 
were  outlined  in  lectures  on  electric 
power  lines  in  1933. 


Write  for  your  copy  of 
this  illustrated  brochure 


Going  along  the  line  X'Z’  in  Chart  I, 
we  have  for  point  X\  the  values  T  ~ 
0.58  and  t  =  157  deg.  which  must  b« 
multiplied  by  —jZ,  to  obtain  the  in¬ 
put  impedance.  Thus 

Z.  -  jZ.  r  /_T  =  (75  /-90°)  (0.58  157°) 
“  43.5  /  67®  ohms 

Now  point  Z'  must  correspond  to  the 
load  impedance,  and  at  this  point  we 
find,  T  =  175  and  t  =  158  deg.  The 
load  impedance  is  therefore, 

Zx  *  (75  7-90°)  (1.75  /158®) 

=  131  /  66®  ohms 


The  Ward  Products  Corporation  offers  the  services  of  its  two  fully 
equipped  plants  tp  help  you  solve  your  manufacturing  problems.  The 
brochure  illustrated  above  describes  in  detail  our  production  facilities 
and  other  qualifications  for  handling  contract  work  for  present  or 
post-war  needs.  Send  for  your  copy  on  your  business  letterhead. 
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GENERAL  ELECTRIC  MYCALEX 

is  an  electrical  insulator  possessing  a  combination 
of  features  not  found  in  any  other  single  material. 
G-E  mycalex,  because  of  its  high  dielectric  strength 
and  low  power  factor,  is  ideally  suited  for  use  as 
a  high  frequency  insulator  in  radio  equipment  and 
for  ignition  assemblies  in  high  altitude  aircraft. 
Arcs  occurring  at  high  altitudes  do  not  cause  per¬ 
manent  conductive  tracks. 

Because  intricate  shapes  may  be  molded  with 
G-E  mycalex  with  "molded-in  inserts”,  because 
these  ports  are  made  to  extremely  close  tolerances 
and  because  their  dimensional  stability  is  high, 
G-E  mycalex  is  a  superior  material  for  assemblies 
which  must  stand  up  under  severe  operating  con¬ 
ditions.  Although  G-E  mycalex  can  be  drilled, 
milled,  and  ground,  these  operations  are  seldom 
necessary  due  to  the  fact  that  parts  can  be  molded 
to  shape. 

For  further  information  write  section  M-4,  One 
Plastics  Ave.,  Pittsfield,  Mass. 


GENERAL 


ELECTRIC 


rniTRONics 


DEPENDABLE 
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BLILEY  ELECTRIC  COMPANY 


ERIE,  PA 


Inspection  of 
Tungsten 

{Continued  from  page  95) 


during  this  “black  light”  inspection, 
with  each  crack  showing  as  a  bril¬ 
liant  green  indication  against  a  pur¬ 
ple  background.  Figure  3  shows  how 
one  of  these  cracks  appears  in  cross- 
section  when  enlarged  200  times. 

Rejections  range  from  rods  having 
only  one  short  and  very  fine  indica¬ 
tion  to  rods  almost  completely  covered 
with  cracks.  Even  when  the  only 
crack  is  not  in  the  area  to  be  beaded, 
the  rod  is  rejected  because  experience 
has  shown  that  these  cracks  often 
spread  to  the  glass  .seal  upon  heating 
during  subsequent  gla.ss  work. 

Defects  which  are  not  revealed  by 
fluorescent  inspection  are  chiefly  of 
the  irregular  type  shown  in  Fig,  4, 
which  produce  one  or  more  bubbles 
in  the  glass  when  the  tungsten  is 
beaded  over  the  defect.  It  is  be¬ 
lieved  that  cracks  like  this  are  filled 
with  oxide  which  prevents  entrance 
of  the  penetrant.  The  number  of 
tubes  found  with  bubbles  in  the 
beads  is  now  only  a  small  fraction 


FIG.  3 — Etched  cross-section  of  tungsten 
lead,  magnified  200  times,  showing  crack 
revealed  by  fluorescent  method 
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P  R  O  P  E  K  * 

mechanical 

Tensile 

fA  ST.M.  D  48-37)  S.WO"*-??" 
Tensile  proportion^  limit,  lbs. 

0F-'’.800 
78  F- 2.500 

Modulus  of  Elssticity  in  lension. 

OF- 530.000 
78F-4«».000 

ComprwBive  .TSv- 

lbs.  per  sq.  ® 


thermal 

Distortion  temp«ture 

ST  M  D48-37).  F  (C» 

Transition 

Softening  po.n^^(U^jj^  „g, 

Ignition  pomt.  F  (C) 

Specific  heat.  cal.  per  gr.  ^ 

SS'  cMiwsioii 

Thermal 

Iier  sec.  |ier  cm.  per  <twee  C 


electrical 

Volume  resistivity,  ohm.  cm. 
101’ 

A,cr^tance(A.8.T.M.D«^ 

Dielectric  strength,  JolU  per  mil 
,0a5'  thickness- 3..^ 

.010'  thickness -...w 

.125*  thickness-  .50fri00 
Frequency  Dielectric 
CveWs  Constant 
M  2.5-2.fi  .0001-0002 

tb-2.6  .0001-.000'2 

2.V2.6  0001-.0^ 
tftir  2.5-2. 0  .0002-.0004 


Plax  is  one  of  the  biggest  producers  af  coi^ 

^  ;ol  oolvstvrene  products  in  this  country  — 

company. 

Out  of  this  experience  Pio. 

^p7y;.yleni:a:™ee.;ou.ownltigK.|.eoeencv 

insulation  problems. 

Contpote  its  electrical 
of  high-grade  mica  and  fused 

features  unusual  ^rs^n  your  field  that 
agree  with  other  leaders  in  you 
Plax  Polystyrene  is  one  of  the  best  g 
frequency  insulations  ever  known. 
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of  that  encountered  prior  to  use  of 
the  new  inspection  method,  however. 

The  penetrating  oil  used  in  the 
inspection  process  caused  dermatitis 
on  the  hands  and  face  of  the  worker 
who  first  processed  large  quantities 
of  parts.  This  has  been  eliminated 
by  having  workers  wear  rubber 
gloves  to  avoid  skin  contact  with  the 
penetrant.  Some  of  the  inspectors  at 
first  complained  of  eyestrain  and 


Don’t  allow  your  production  lines  to  slow  down  for  lack  of 
essential  parts.  Lafayette  Radio  Corp.  is  headquarters  for  all  radio  and 
electronic  parts  and  equipment  of  every  nationally  known  manufacturer  in 
the  field.  Let  Lafayette  help  you  keep  your  production  humming  and  save 
your  time  —  one  single  order  to  Lafayette  will  insure  prompt  delivery  on 
all  hard-tO'get  parts  and  equipment  your  program  may  require. 

Thousands  of  manufacturers,  electronic  engineers  and  private 
and  military  training  program  directors  know  Lafayette’s  reputation  for 
complete  stocks  and  extensive  procurement  facilities.  We  can  fill  your 
needs  too  —  quickly! 

Write  today  /or  Free  130  page  Radio  and 
Electronic  Fartg  and  Equipment  Catalog  — 

Address  Dept.  7G3 


FIG.  4 — Irregular  cracks  like  this  (stchsd 
cross  section  magniiled  200  times)  may 
not  be  revealed  because  oxide  preventt 
entrance  of  flourescent  penetrant 


headaches;  these  were  given  two 
Vitamin  A  capsules  daily,  each  con¬ 
taining  26,000  U.S.P.  units,  clearing 
up  the  trouble. 

The  fluorescent  penetrant  method 
of  tungsten  inspection  should  prove 
of  great  value  during  war  time  when 
materials  and  manpower  are  so  crit¬ 
ical.  The  sooner  a  defect  is  located 
during  production  of  a  tube,  the  less 
material  and  time  is  wasted. 


LAFAYETTE  RADIO  CORP. 

•k  901  W*  JACKSON  BLVD.  CHICAGO,  ILLINOIS 
★  265  PEACHTREE  STREET  ATLANTA,  GEORGIA 


Rough  polished  section  of  0.06-inch  dm 
tungsten  rod.  magnified  693  times  to 
longitudinal  crack  which  con  allow  edi 
enter  a  tube  through  its  tungsten  leod 
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Science  will  eliminate  more  and 
more  household  drudgery 


KJLSJ^.AllL.11  Ai'NLI  irN  V  til's  riui>  have  been 
speeded  up  by  the  war — the  tragedies  of  today 
will,  in  the  not-too-far-distant  future,  he  trans¬ 
formed  into  the  blessings  of  peace. 

The  women  of  tomorrow  will  step  out  of  the  bondage 
of  household  chores  into  more  zestful,  more  creative 
living.  More  and  more,  they  will  share  with  men  in 
the  re-making  of  this  world. 

Typical  of  the  forward-looking  companies  which  will 
translate  the  visions  of  today  into  the  actualities  of 
tomorrow  is  Small  Electric  Motors  (Canada)  Limited. 

This  virile,  rapidly-expanding  industrial  organization, 
now  engaged  solely  in  war  work,  is  planning  an  im¬ 
portant  post-war  future.  From  its  large,  modern  plant 
will  come  electrical  equipment  of  revolutionary  design 
—  for  ships  and  planes  —  for  factories  and  homes ! 


AND  MANUFACTURERS 

of  all  types  of  precision 
electrical  apparatus 
including 

D.C.  &  A.C.  Motors  for 
specialized  purposes 
Aircraft  Generators 
Aircraft  En^ne  Starters 
Alternators 
Motor  Generators 
Electric  Pumps 
Motors  with  Governors 
Gyros,  etc. 


Moio^  {.Canada)  JUimUed 


and  its  subsidiary 
Semca  9HAi/uufte4iii  JlimUeJt 

•  TORONTO  12  •  CANADA' 
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THE  ELECTRON  ART 


illustrated  in  the  figure  by  the  schemat¬ 
ically  drawn  oscillatory  circuit.  Elec- 
trons  flowing  from  B  to  C  form  an 
influx  of  negative  charge  into  the 
cage,  while  electrons  flowing  from  C  to 
D  form  an  outflow  of  negative  charge 
from  the  cage.  Electrons  in  the  in¬ 
terior  of  the  cage  act,  toward  the 
outside,  as  though  they  reside  in  the 
metal  wall  of  the  cage.  The  time  of 
stay  of  electrons  in  the  interior  of  the 
cage  is  important,  for  through  this  the 
current  is  controlled.  The  time  of  stay 
depends  upon  the  velocity  of  the  elec¬ 
trons,  i.e.,  it  is  dependent  upon  the  po¬ 
tential  of  the  cage  at  the  moment  of 
the  electrons’  entrance. 

Let  us  consider  that  the  circuit  is 
oscillating  and  that  the  potential  of 
the  cage  is  varying  sinusoidally  in 
time.  The  potential  of  the  cage  then 
varies  back  and  forth  as  between  the 
dotted  lines  shown  in  Fig.  1(c).  With  a 
properly  chosen  cage  length  we  can  ob¬ 
tain  the  condition  that  the  slow  elec¬ 
trons,  which  enter  the  cage  during  the 
negative  half  cycle,  leave  the  cage  for 
the  most  part  in  the  following  positive 
half  cycle;  while  the  fast  electrons, 
which  enter  the  cage  during  the  posi¬ 
tive  half  cycle,  leave  the  cage  for  the 
most  part  in  the  same  positive  half 
cycle.  Accordingly,  during  the  positive 
half  cycle  there  is  a  net  electron  cur¬ 
rent  out  of  the  cage,  and  during  the  j 
negative  half  cycle  there  is  a  net  elec- 1 
tron  current  into  the  cage.  This  mean? 
a  building  up  and  damping  down  of  the 
existing  oscillations.  Or  in  other 
words:  as  a  consequence  of  the  differ¬ 
ent  time  of  stay  of  the  electrons,  there 
is  a  pulsating  space  charge  in  the  inside 
of  the  cage,  and  this  pulsating  space 
charge  adds  to  and  detracts  from  the 

^  _ _  oscillations.  One  can  figure  how  much 

After  the  flight  energy  is  supplied  to  the  oscillatory 
the  electrons  are  circuit  in  this  manner  by  calculating 
y  means  of  elec-  energy  loss  of  an  individual  elec- 
rectly  connected  to  summing  over  the  course  of  a 

i  has  the  same  po-  , 

ns  passing  beyond  The  theory  shovrs  that  a  maximum  of 
n  be  retarded  and  percent  of  the  energy  of  the  elec¬ 
tron  stream  is  converted  into  energy 
oscillation  genera-  oscillations.  The  efficiency  can  con- 
the  space  between  ceivably  approach  100  percent,  since 
C  is  the  electri-  electron  stream  can  be  slowed 

ectrode,  which  is  a  halt  with  the  opposition 

field.  The  theory  shows  that  the  gen¬ 
erator  is  self-oscillating  and  stable. 

The  theory  of  the  generator  is  given 
herewith.  The  following  nomenclature 
^  I  I  is  employed: 


Genercrtion  of  Short  Waves .  164 

Photoelectric  Timer  Controls  X-ray  Film  Exposure . .  178 

Colibrotiiig  Stop  Values  of  Lenses .  186 

Protecting  Meters  with  Fuses .  188 

Recording  Blood  Flow  in  Stomach  with  Couples  and  Phototube  190 

Momentary  Contact  for  Time  Clock .  194 

Magnetic  Control  Switch  .  196 

Eating  Marked  Atoms . 200 

Precision  Temperature  Control  for  Electric  Furnaces .  202 


oscillation  energy  is  taken  out  of  the 
electron  stream.  In  this  way  the  heat¬ 
ing  of  the  small  oscillating  electrodes 
is  entirely  avoided. 


Generation  of  Short  Waves 


Behind  any  engineering  development  and 
practical  application  lies  a  vast  storehouse 
ot  past  experience,  trial  and  error,  and  theory. 
As  science  progresses  and  becomes  more  or¬ 
ganized — and  more  complicated — theory  forms 
a  larger  and  larger  portion  of  the  back¬ 
ground  of  engineering. 

Back  of  many  modern  tubes  used  for  the 
generation  of  very  short  waves  lies  the  theory 
of  the  utilization  of  velocity  modulated  and 
directed  streams  of  electrons,  for  which  the 
background  was  laid  by  A.  Arsenjewa-Heil  and 
O.  Hell  in  Zeitsehri/t  fAr  Phyaik,  Vol.  95, 
p.  762,  1985.  Considerable  interest  has  been 
expressed  in  this  article,  notwithstanding  its 
comparative  age.  The  translation  of  this 
article,  from  the  German,  has  been  prepared 
by  Theodore  J.  Wang,  and  is  presents  to 
meet  the  many  expressions  of  the  need  for 
having  this  material  readily  available  in 
English. — Ed. 


The  production  of  undamped  electro¬ 
magnetic  waves  of  high  intensity  in  the 
wavelength  region  from  1  meter  down 
to  a  few  centimeters*  still  offers  diffi¬ 
culties  today.  That  we  cannot  produce 
in  this  wavelength  region  the  intensi¬ 
ties  common  with  longer  waves  depends, 
in  general,  upon  two  kinds  of  diffi¬ 
culties:  (1)  The  electrons  move  too 
slowly.  The  transit  time  of  the  elec¬ 
trons  between  the  electrodes  is  com¬ 
parable  with  a  period  of  oscillation  or 
even  greater  than  this.  (2)  For  short 
waves  the  electrodes  of  the  tube  must 
be  as  small  as  possible  as  they  form 
the  capacity  of  the  oscillatory  circuit. 
For  the  generation  of  large  energy,  on 
the  other  hand,  the  electrodes  must  be 
as  large  as  possible  so  that  they  can 
radiate  the  heat  produced  by  the  elec¬ 
tron  bombardment.  Thus  both  demands, 
short  waves  and  high  energy,  cannot 
be  fulfilled  simultaneously;  they  are 
incompatible. 

In  the  generator  principle  herein  de¬ 
scribed  these  difficulties  are  circum¬ 
vented  in  the  following  ways:  (1)  The 
finite  transit  time  of  the  electrons, 
which  formerly  caused  trouble,  is  actu¬ 
ally  made  use  of  now,  in  order  to 
control  the  electron  stream.  (2)  The 
electrons  do  not  strike  the  oscillating 
electrodes  at  all.  An  electron  stream 
flows  through  these  electrodes,  and  the 


charge  on  the  electron 
mass  of  the  electron 
velocity  of  the  electron 
potential  of  the  Faraday  cylinder 
potential  at  the  electron  entrance 
potential  at  the  electron  exit 
average  potential  of  the  Faraday 
cylinder  (applied  vol^el 
amplitude  of  the  oscillations  (po¬ 
tential) 
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Fig.  1 — Electrode  arrangements  of  gen¬ 
erators  utilizing  beams  ore  shown  at  (a) 
and  (b).  Potential  variations  of  elec¬ 
trodes  ore  shown  at  (c).  Mechanism  of 
oscillation  takes  place  between  electrodes 
B  and  D 


path  length  of  the  electrons  in  tbt 
Faraday  cylinder 
capacity  of  the  oscillatory  circuit 
magnitude  of  the  electron  current 
energy  conversion  efficiency 
reinforcement 


*  Collected  papers :  K.  Kohl.  Ergebn.  d. 
emakt.  Naturtoias.  9,  1930 ;  H.  B.  Hollmann, 
Hochfrequenztechnik  und  Elektroakuatik  44, 
37,  1934. 


ELECTRONiq 


>«*••»  y 


:  •*  AS.*??!', 


Y;t* 


’>>**r*! 

‘•.fVril 


%\6Hr  IV/ ► 


uators. 


Years  of  world-wide  service  in  all  types  of  ap¬ 
plications,  under  all  kinds  of  operating  condi¬ 
tions,  have  proved  the  sterling  qualities  of 
Ohmite  Products.  During  this  time,  we  have 
helped  pioneer  many  applications  of  resistance 


units  in  electronic  and  electrical  devices.  As  a 


result,  we  have  developed  and  produced  the 
widest  range  of  types  and  sizes  in  power  rheo 


stats,  resistors,  and  tap  switches  to  meet  every 


Deed. 


S€md  tor  Cmiatog  amd 
Emgimeerimg  Mmmuai  iVo.  40 


Write  on  company 
letterhead  for  helpful 
96-page  guide  in  the 
selection  and  applica¬ 
tion  of  rheostats,  re¬ 
sistors,  chokes,  tap 
switches  and  atten- 


Today,  Ohmite  Units  serve  in 
plant  and  laboratory— and  on 
every  battle  front,  from  below 
the  sea  to  the  stratosphere,  and 
from  "down  under”  to  the  top  of 
L  the  world.  Tomorrow,  they  will 
be  ready  and  eager  to  meet  new 
WL  postwar  requirements. 

^  OHMin  MANUFACTURING  COMPANY 
4816  Flournoy  Street,  Chicago,  U.  S.  A. 
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circuit 


Theory 

The  instantaneous  potential  of  the 
Faraday  cylinder  (see  Fig.  2)  is 
p  »  V  +  it  sin 

The  electron  velocity  v,  as  a  function 
of  the  time  of  the  electron’s  entrance 
into  the  Faraday  cylinder,  may  be  ob¬ 
tained  from 


V  =  V2e  (V  +  i4  sin  ul}/m 
The  time  of  stay,  T,  of  the  electron 
in  the  Faraday  cylinder  is 


P  \2c(V’  +  i4  sin  ut)/m 

The  electron  exit  potential,  p„ 
function  of  the  entrance  time,  is 
Pj  =  F  +  i4  sin  w  (t  -f  T)  =  F,+ 


i4  sin  w  {  t+  ==.  ) 

Y  \2e  (F  +  i4  sin  ut)lmj 

The  energy  loss  of  the  electron  i 
equal  to  the  energy  gain  of  the  oscilla 
tory  circuit 

e  (pi  —  pi)  =  eA  (sin  w  (t  +  T)  —  sin  u: 

A  constant  stream  of  electrons  flow 
into  the  Faraday  cylinder  (n  electro: 
per  second).  The  total  energy  gain  o 
the  oscillatory  circuit  during  a  peri 
is  then 


Permoflux  Dywiiiiic  Headphones  f 
Mean  Extra  Striking  Powerl^ 

Carrier  planes  cannet  solely  extend  eperaftoils'^^ 
biyond  their  effectivft  coirinuinication  range.  .«! 
A  few  extra  miles  may  sometimes  mean  tbe"’'^ 
accomplishment  of  otherwise  impossible  ob-  .. 
iecHves.  The  high  sensitivity  and'wide,  unlfonn^ 
frequency  response  of  Permoflux  Dynamic^ 
Headphones. at  all  altitudes,  provide  improved^ 
intelligibility  under  odverse  noise  level  condi^  ^ 
Hons  —  assure  reception  of  vital  messages  at  ^ 
maximum  distance  from  home  base. 

BUY  WAR  BONDS  FOR  ViCfOAYl  ^ 

-  4- 


i  CORPORATION!^ 
4916-22  W.  Grand  Aye^  Chicago,  III 


Fig.  2 — InitantaneouB  potontial  in  Fi 
day  cylinder 
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When  orders  must  get  %  - 

through  quickly,  FREQ-  \  F  u  m  ] 

KC  crystal  units  select  the 
right  channel,  instantly 
and  reliably.  Absolute  fre- 
quency  specifications  and 
protection  from  heat,  cold 

or  shock  guard  against  communication  failure  or 
miscarriage  of  vital  messages.  This  war-proved 
accuracy  and  dependability  one  day  will  be  avail¬ 
able  to  manufacturers  of  peace-time  products.  In 
the  meantime,  our  electronic  engineers  are  at  your 
service  to  help  design  and  specify  crystal-controlled 
applications  for  essential  products  or  ahead-of- 
competition  models. 


When  There’s 
No  Time  For 
F  umbling 


Gentleman  Products  Division  of 

HENNEY  MOTOR  COMPANY 

Home  Office  at  FREEPORT,  ILLINOIS  —  Factory  at  Omaha,  Nebraska 
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^  REMLER 

Pl44x^  cuiA  GatuiecioM, 


Manufacturers  of  Communication  Equipment 
SINCE  1918 


REMLER  COMPANY,  Ltd.  •  2101  Bryant  St.,  •  San  Francisco,  Calif 


Remler  made  plugs  and  connectors  of  the  following  types  are  used 
by  more  than  fifty  concerns  engaged  in  manufacturing  communi* 
cations  equipment  for  the  U.  S.  Army  Signal  Corps: 


Special  Designs  to  Order 

Remler  is  equipped  to  manufacture  other  plugs  and  connectors  of 
special  design — in  large  quantities.  Submit  specifications. 

Prompt  Delivery  •  Inspection 

Signal  Corps  inspectors  in  attendance.  Uniformity  assured — no 
rejects.  Write,  wire  or  telephone  if  we  can  be  of  assistance. 


Rentier  facilities  and  production  techniques 
frequently  permit  quotations  at  lower  prices 


Typ«*: 

PI 

PIP 

PLQ 

PLS 

50-A 

61 

74 

114 

150 

56 

65 

56 

65 

56 

64 

54 

62 

76 

119 

159 

59 

67 

59 

67 

59 

65 

55 

63 

77 

120 

160 

60 

74 

60 

74 

60 

74 

56 

64 

104 

124 

354 

61 

76 

61 

76 

61 

76 

58 

65 

108 

125 

62 

77 

62 

77 

62 

77 

59 

67 

109 

127 

63 

104 

63 

104 

63 

104 

60 

68 

112 

149 

64 

64 

The  energy  flow  into  the  oscillah  ry 
circuit  per  second  is 


J/^T  im  •- 

sin  (o  I  (  -H 

.  L 


I 


■V2e  (V  +  /I  sin  wt)/m 


]• 


We  are  interested  in  the  e.c.e.,  S, 


which  now  is  the  ratio  of  the  energy  of 
the  electron  stream  which  is  absorbed 
by  the  oscillatory  circuit,  to  the  total 
energy  brought  in  by  the  electron 
stream : 


N 


«  r"'"  r 

0' 


I 


V  2«  (V  +  A  sin  wl)/m 


/V 


and  we  are  also  interested  in  the  rein¬ 
forcement,  E,  which  is  the  ratio  of  the 
energy  introduced  into  the  oscillatory 
circuit  per  period,  to  the  existent  en¬ 
ergy  in  the  oscillatory  circuit: 


E  - 


t  + 


I 


>2e(V  +  i4  sin  ut)/m 


wherein  C  denotes  the  effective  capaci¬ 
tance  of  the  oscillatory  circuit. 


Results  of  the  Calculations 


In  Fig.  3  are  shown  some  curve* 
which  portray  the  energy  loss  of  the 
electrons  over  the  course  of  a  period, 
This  energy  loss  of  the  electrons  is 
equal  to  the  gain  of  the  oscillatory  cir¬ 
cuit.  Averaged  over  a  period  it  is  posi¬ 
tive  and  equal  to  the  difference  of  the 
positive  and  negative  portions  of  the 
cross-hatched  areas  under  the  curvei 
The  different  curves  in  Fig.  3(a),  (b) 


Fig.  3 — Typical  curvet  showing  entrqr 
lots  for  a  cycle  ol  operation,  for  oIk 
Irons  in  the  region  between  B  ond  D  oi 
Hg.  1.  The  various  curvet  are  for  dii 
ferent  amplitudes  and  cylinder  voltaqM 


(c),  and  (d)  are  for  different  values 
of  amplitude  A  and  of  average  cylinder 
potential  V.  Curve  e  represents 
case  of  the  maximum  e.c.e.  of  35  per 
cent.  Curve  d  represents  a  special  i  i 
in  which  the  slowest  electron  n  tna: 
three  half  periods  within  the  cylin  l' 
and  the  fastest  remains  one  period. 

We  can  build  up  a  working  diau  - 
of  the  generator  if  we  know  the  f 
and  reinforcement  for  all  values  of 
and  V.  The  e.c.e.  and  reinfon  •  i  i 
have  been  calculated  and  are  shown 
Figs.  4,  5,  6,  and  7. 

In  Fig.  4  the  e.c.e.  is  shown  in  per 
centage  as  a  function  of  A  and  V. 
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Over  10"  in  diameter  by  20"  long,  and  designed 
for  10  KW.  service,  this  variable-link  final  ampli¬ 
fier,  plate  coil,  is  a  good  example  of  B  &  W  engi¬ 
neering  at  work  on  the  job  of  matching  modern 
inductor  requirements.  B  &  W  Inductors  of  this 
general  type  are  available  in  all  standard  fre¬ 
quency  ranges.  Coils  are  bolted  in  place,  and  may 
be  switched  for  band-changing  with  a  minimum 
of  time  and  effort.  Connections  are  silver-soldered. 


and  all  metal  parts,  including  coils,  are  heavily 
silver-plated.  Coils  in  the  unit  illustrated  are  of 
%  copper  tubing.  Other  B  &  W  Air  Inductors  of 
this  type  utilize  tubing  as  large  as  l"r 

FAST  DELIVERIES  on  all  B&W  Air  Inductor 
types  are  assured  by  our  greatly  expanded  facili¬ 
ties,  and  straight-line  production  on  most  smaller 
types.  Engineering  data  on  any  type  upon  request. 


BARKER  &  WILLIAMSON,  235  Fairfield  Ave.,  Upper  Darby,  Pa. 


Air  Inductors 

"BABIES  AND  JUNIORS”  (25  fo  75  warn) 
STANDARD  TYRES  (100  woMt  fo  I  KW.) 

SREQAL  HIOH.ROWER  TYPES 
(fo  10  KW.  amd  obovol  ' 


TURRETS  — BAND  HOPPERS  — 
SWINGING  LINK  ASSEMBLIES,  ETC. 

SPECIAL  RADIO  AND  ELECTRONIC 
EQUIPMENT  ASSEMBLIES 

Variable  Air  Condensers 

(Integral  ifvtraliMmg  fypot} 


manufacturers  of  quautv  electronic  components  for  over  a  decai 
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Pottntiol  of  Foradoy  Cylinder»V 


Fig.  4 — Family  oi  cur  res  ol  amplitude  oi 
oscillation  plotted  against  potential  oi 
Faraday  cylinder,  with  Tarious  Talues  oi 
energy  conversion  efficiency  as  pa¬ 
rameter 


this  representation  the  lines  of  equal 
e.c.e  are  shown  as  contours.  A  cross 
section  through  this  mound  for  differ* 
ent  values  of  V  is  shown  in  Fig,  5. 
The  points  through  which  the  cuts  were 
made  are  shown  marked  on  the  V- 
axis  in  Fig.  4.  For  the  maximum  values 
of  the  e.c.e. 


«.  e.  r...  ■  IS  —  0.173 

\2eV/m 

In  Fig.  6  the  reinforcement  is  repre¬ 
sented  by  contours  as  a  function  of  A 
and  V.  Figure  7  shows  cross-sections 
through  this  surface  for  different 
values  of  V.  The  points  through  which 
the  cuts  were  made  are  marked  on  the 
V-axis  in  Fig.  6.  The  reinforcement 
is. here  given  only  relatively.  The  actual 
value  of  the  reinforcement  for  any  par¬ 
ticular  condition  may  be  obtained  from 
£  =.  4  T  NVJ  /A'  «  C 

Discussion  of  the  Results 

The  course  of  the  reinforcement  de¬ 
termines  the  behavior  of  the  generator. 
The  condition  for  equilibrium  is  that 
for  which  the  reinforcement  is  equal  to 
the  damping,  wherein  the  damping  in¬ 
cludes  both  the  useful,  energy-conver¬ 
sion  damping  of  the  electron  stream 
and  the  wasteful,  inherent  damping  of 
the  circuit  elements.  The  useful  damp¬ 
ing  is  large  compared  with  the  inherent 
damping. 

The  requirement  for  stability  is  that 
dE/dA<.0.  Oscillations  cease  whenever 
dE/dA  becomes  positive  and  the  equilib¬ 
rium 


f^ere  is  Eicor’s  answer  to  your 
need  for  a  power  supply  that  is 
much  smaller,  much  lighter, 
and  completely  dependable.  This 
tiny  Dynamotor  is  now  available 
to  manufacturers  of  electronic 
equipment  for  critical  appli¬ 
cations  where  space  and  weight 
requirements  are  of  utmost 
importance. 

SAMPLES  AVAILABLE 

Our  specialized  experience  can  be 
of  help  to  you.  Samples  of  this 
exclusive  Eicor  product  in  the 
types  listed  at  left  furnished 
quickly  for  development  purposes 
on  priority  order. 

Writ9,  wirm  or  phono 


Continuous  duty.  50°  C  temperature  rise. 
Regulation  20%  Jrom  no  load  to  full  load. 


Amplifude  of  Oscillations -A 


Fig.  5 — Energy  convertion  efficiency.  N< 
plotted  against  amplitude  of  oscillation  ior 
various  values  oi  voltage 
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Strom! 


short  time. 


Acres  of  9^ound  and  5,000  men  to  cover . . .  yet  a  key  man  is  found 
as  fast  as  you  can  say  his  namel 

One  man . .  a  group . . .  the  entire  plant . . .  Straight-Line  Communication 
reaches  them  QUICKER  and  BETTER  than 
any  other  means. 

Think  of  the  manpower  saved  ^ 

every  day  I  Think  of  the  increased 
efficiency . . . the  increased 

Then  remembei ..  .  in  man-  ^ 


fines^-tfpe  of^spdnd  reproducing  e^ipment. /Today  this  equipment  is  plying 
a  vital  role  in>s^eding^^plant  prodx^ion  all  ovpr  the  cou\^lry. 

If  you  have  any  communication  problem  that  needs 
solving . . .  why  not  get  in  touch  with  the 

Sound  Systems  Division  of  the  Stromberg-Carlson  Company, 
100  Carlson  Road,  Rochester,  New  York.  Write  for  free  Booklet  No.  1935. 

STROMBERG-CARLSON 


ySTRAIGHT-LINE  COMMUNICATION  SAVES  MANPOWER  »  SPEEDS- 
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?NE  WOEK-TO  VICTORY^ 


FOUND:  A  NEEDLE  IN  A  HAYSTACK  IN  3  SECONDS  FLAT! 


INDUSTRIAL' 

CONDENSERS 

\RE  IN 
SERVICE  TRL 

\«ORlD 

WITH- 


;01HlOTtC(lWNS 


Averog*  Voltage-V 


Rein1brt*m*nt 

curves 


Fig.  6 — Reiniorcsmant,  represented  by 

contours  os  function  of  eunplitude  of  os- 
cillotion.  A.  and  Toltage.  V 

condition  is  satisfied.  The  behavior  of 
the  generator  may  be  deduced  com. 
pletely  from  these  conditions  and  from 
the  diagrams  of  Fig.  6  and  Fig.  4. 

With  a  particular  arrangement  it  is 
possible  to  make  V  dependent  on  k 
through  the  use  of  the  retarded  elec¬ 
tron  stream.  However,  in  general,  V 
will  be  independent  of  A.  For  the  lat¬ 
ter  case  we  get  two  regions  of  stable 
equilibrium  in  the  A-Y  diagram,  one 
for  small  amplitudes,  which  does  not 
interest  us,  and  one  for  large  ampli¬ 
tudes.  Both  regions  overlap  in  the 
range  of  small  amplitudes  and  small 
voltages.  The  dotted  line  of  Fig.  6 
represents  the  boundary  of  these  re¬ 
gions.  In  the  middle  region  of  the  A-V 
diagram  stable  oscillations  are  po^ 
sible.  In  this  region  the  amplitude  can 
increase  in  case  the  reinforcement  ex¬ 
ceeds  the  damping,  or  the  amplitude 
can  decrease  in  case  the  damping  is 
equal  to,  or  greater  than,  the  reinforce¬ 
ment.  The  upper  stable  region  con¬ 
tains  the  maximum  of  the  e.c.e.  The 
boundary  of  the  stable  domain  is 
marked  with  strokes  on  the  curves  of 
Fig.  5.  These  markings  correspond  to 
the  maxima  of  the  associated  curves  in 
Fig.  7. 

By  way  of  example  the  behavior  of 
the  generator  for  constant  V  and  vari¬ 
able  load  can  be  shown  with  the  aid 
of  Fig.  8.  The  two  curves  correspond 
to  reinforcement  and  e.c.e.  At  smaE 
loads  the  generator  action  corresponi' 
to  the  points  a  and  o'  respectively 
With  an  increase  of  load  the  output 
climbs  to  the  maximum  of  e.c.e.  at 
points  V  and  h  respectively,  and  falls 
again  to  the  maximum  of  reinforc^ 
ment  at  points  c'  and  c  respectively. 
At  these  last  points  the  oscillati‘:‘r 
cease. 

We  can  see  also  from  Fig.  6  how  t' 
generator  oscillates  when  it  is  fir^ 
turned  on.  We  first  apply  the  operat 
ing  voltages  to  all  the  electrodes  ei 
cept  the  cylinder.  When  the  cylinir 
potential  V  is  applied,  it  rises  slovvl.' 
because  of  the  self-induction  of 
supply  leads.  The  generator  is  u 
equilibrium  at  each  moment  of  tl 
potential  rise.  Since  the  damping  re 
mains  always  constant,  the  gcririatf’ 
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Six  reasons  why  this 

AUDIO  SIGNAL  GENERATOR 

saves  your  time  and  insures  better  accuracy 
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Standardized  frequencies 
and  voltage  instantly 
available 


input  level 


This  all-in-one  combination  of 
instruments  insures  the  utmost 
of  speed  without  sacrifice  of 
accuracy  in  making  certain  lab¬ 
oratory  and  production  mea¬ 
surements.  The  model  205AG 
consists  of  an  -hb~  Resistance 
f«maU.gfam  Tuned  Audio  Oscillator,  an  out- 

measurements  put  meter,  attenuator  and  an 

impedence  matching  system.  In 
addition  a  separate  input  meter 
is  provided.  Thus  no  auxiliary  equipment  is  required 
in  making  gain  measurements.  It  is  ideal  for  general 
laboratory  applications  because  it  supplies  a  known 
voltage  and  a  known  frequency  at  the  commonly 
used  impedence  levels. 

Of  outstanding  importance  is  the  fact  that  the  Re¬ 
sistance  Tuned  Oscillator  requires  no  zero  setting.  The 
frequency  drift  is  negligible  even  during  the  first  few 


minutes  of  operation.  The  constant  output  of  this  oscil¬ 
lator  makes  it  ideal  for  checking  frequency  response  of 
apparatus.  Waveform  distortion  is  very  small,  hence 
this  instrument  provides  an  excellent  source  of  voltage 
for  distortion  measurements. 

Below  is  a  block  diagram  showing  the  arrangement 
of  the  components  in  the  Model  205AG  Audio  Signal 
Generator.  Get  full  information  about  this  and  other 
-Ap-  laboratory  instruments.  Ask  for  your  copy  of  the 
26-page  fully  illustrated  catalog  which  gives  valuable 
data  on  making  tests  and  measurenients  as  well  as 
details  of  the  -hp-  line  of  instruments. 
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HEWLETT-PACKARD  COMPANY 


Box  1135  K  Station  A,  Palo  Alto,  California 


Attenuators  provide 
no  db  in  i  db  steps 


works  along  a  curve  of  constant  rein, 
forcement,  and  actually  upon  the  uppe;-, 
almost  straight,  branch  of  the  curve 
(Fig.  6).  The  oscillations  begin  to  fall 
off  only  after  V  is  raised  up  to  the  r-s- 
versal  point  of  this  curve. 

As  a  consequence  of  the  linearity  of 
the  above  mentioned  curve  branch  one 
can,  through  variations  of  V,  modulate 
the  amplitude  almost  proportionately  to 
V,  i.e.,  almost  without  distortion. 

The  above  described  method  of  oscil¬ 
lation  production  has  its  limitations 
with  respect  to  the  shortness  of  the 
waves  and  with  respect  to  the  power 
output.  The  limitations  are  apparent: 

(1)  From  the  equation  for  the  rein¬ 
forcement,  we  have 

tNVJ 

From  the  equation  one  observes  the 
following:  The  reinforcement  remains 
constant  as  the  wavelength  is  reduced, 
only  if  at  the  same  time  the  capacity 
is  proportionally  reduced  and  the  mag¬ 
nitude  of  the  electron  current  remains 
uniform.  This  means  an  increase  of 
the  electron  current  density  which  is 
proportional  to  the  decrease  in  wave- 
len^h.  Other  conditions  fixed,  the  ca¬ 
pacity  increases  approximately  in  pro¬ 
portion  to  the  electron  stream  cross- 
section.  Thus  we  can  produce  shorter 
waves  insofar  as  we  are  able  to  pro¬ 
duce  high  electron  current  densities. 
We  apply  the  usual  methods  of  elec¬ 
tron  optics  to  achieve  concentration  of 
the  beam.f 


War’s  Test  of  Sentinel 
Radio  Promises  Superior 
New  Merchandise 


Amplitude  of  Oscillotions-A  Ampli+ude-A 


Fig.  7  (left) — Crou  section  through  Fig.  6 
for  various  values  oi  voltage,  V 


#  America's  domination  of  the  air 
over  many  battle  fronts  is  not  only 
an  aircraft  achievement.  Radio  has 
played  an  outstanding  part  in  flying 
successes — and  to  this  Sentinel  has 
contributed  a  tremendous  volume 
of  important  equipment. 

The  new  radios,  radar,  and  elec¬ 
tronic  equipment  to  bear  the 
Sentinel  name  after  the  war  will 
reflect  the  extreme  precision  built 
into  tcxlay's  battle  front  models. 


Fig.  8  (right) — Energy  conversion  eiii- 

ciency  and  reinforcement  for  two  different 
conditions  of  load 


(2)  Another  limitation  is  the  condi¬ 
tion  that  the  reinforcement  must  be  as 
large  as  possible  compared  with  the 
inherent  damping  of  the  oscillatory 
circuit.  The  reinforcement  must  be  as 
large  as  possible,  the  damping  as  small 
as  possible.  The  inherent  damping  of 
the  oscillatory  circuit  is  composed  of 
both  ohmic  damping  and  dielectric 
loss.  The  beam  damping  includes  only 
the  useful,  energy-conversion  damping. 
The  ohmic  resistance  is  minimized 


ar*  still  a  laboratory 
socret  but  wt  pUdgo, 
improved  Porform- 
anco,  increased  Value 
and  Traditional 
Sentinel  Quality 


SENTINEL  RADIO  CORPORATION 

2020  Rldg*  Ava.,  Evanston,  III. 


resistance  is 
through  the  use  of  broad  metal  hoops 
or  tubular  metal  hoops  for  self-induc¬ 
tion.  The  dielectric  loss  is  avoided  by 
enclosing  the  oscillatory  circuit  en¬ 
tirely  within  the  tube.  Only  experi¬ 
ment  can  show  to  what  extent  one  can 
raise  the  electric  density  and  reduce 
the  inherent  damping. 

t  Sep.  for  example,  B.  E.  Brilche  and  0 
Seherzer.  Ocomrtriitrhe  Elektronenuptii 
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A  NEW  LINE 


turdy  and  Simple  in  Design,  Permanently  Atturaie 


lETCT 


Important  new  features  of  this  line  are — simpli- 
ed  construction,  with  fewer  parts — individual 
d  aaivation  so  that  the  whole  bank  does  not 
ibrate — great  variety  of  cases  and  sizes.  Vibra- 
ing  reed  type  of  frequency  meter  offers  these 
idvantages: 

•  easy  to  read 

e  needs  no  adjustment  in  service 
e  low  in  power  consumption 
0  exceptionally  accurate 


•  not  affected  by  wave  form 
'  •  not  affected  by  normal  temperature 
change  or  external  magnetic  fields 

Available  in  full  range  of  frequencies — full  range 
of  types  and  sizes — full  or  half-cycle  increments 
— sharp  or  broad  response — wide  voltage  range. 


(Manufactured  under  Triplett 
Patents  and j or  Patents  Pending} 


JST 


Bulletin  VF~43  just  off  the 
press.  Write  for  your  copy  now. 


INSTRUMENTS,  INC. 


441-:H  CHAPEL  STREET  •'  NEW- HAVEN,  CONNECTICUT 
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The  time  of  approach  and  of  rece:  • 
sion  of  the  electrons  to  and  from  the 
Faraday  cylinder  was  not  considered 
in  the  theory.  Likewise  the  force  of 
the  exterior  field  of  the  Faraday  cyliii- 
der  was  neglected.  An  investigati*  n 
leads  to  the  following:  The  effect  of 
the  exterior  field  is  as  though  the 
distances  of  approach  and  of  recessi<in 
of  the  electrons  were  greater.  Tne 
approach  and  recession  times  cause: 

1.  An  apparent  increase  in  1.  This 
apparent  increase  in  I  is  greater  for 
slow  electrons  than  for  fast  electrons. 
The  time  of  flight  of  the  slow  electrons 
is  consequently  increased  more  than 
that  of  the  fast  ones.  This  can  be  made 
to  aid  the  e.c.e.  by  proper  dimensioning. 

2.  A  “washing  out”  of  the  electron 
velocities.  The  electrons  do  not  have 
the  velocities  which  correspond  to  the 
existing  entrance  potential.  The  ve¬ 
locities  correspond  more  nearly  to  an 
unsymmetrically  flattened  sine  curve. 
With  correct  dimensioning  this  too 
makes  for  an  enhanced  e.c.e.,  since  a 
larger  part  of  those  electrons  which  en¬ 
ter  the  Faraday  cage  in  the  negative 
half  period  leave  it  during  the  positive 
voltage  maximum.  The  diagrams  of 
Fig.  4  to  7  are  somewhat  in  error  be¬ 
cause  these  factors  have  been  ne¬ 
glected;  however,  the  essential  features 
of  the  diagrams  are  correct. 

Design  Considerations 

To  reduce  energy  losses  in  the  con¬ 
nections  one  should  use  two  systems 
working  in  reciprocal  fashion  within  a 
single  chamber.  A  section  through  such 
an  arrangement  is  shown  in  Fig.  9. 
Both  electrodes  C  are  joined  to  one  an¬ 
other  through  a  self-induction  loop. 
The  voltage  connection  must  tie  into 
the  midpoint  of  this  loop.  The  passage 
from  electrode  B  to  C  and  from  C  to  D 
acts  as  a  convergent  lens  on  the  elec¬ 
tron  stream  and  increases  the  electron 
concentration.  Toward  this  end  one  can 
apply  the  usual  Braun  tube  technique 
of  gas  concentration.^ 


Staadaril  or  special,  it’s  right 

a  'I  TRANSFORMER 


Twenty  successful  years  at  designing  and 
building  transformers,  are  represented  in 
every  transformer  you  order  from  "Newark". 
They've  got  to  be  good. 

A  fair  stock  of  components  enables  us  to 
produce  standard  dry  type  transformers  for 
reasonable  delivery  dates  —  perhaps  sooner 
than  you  may  expect.  Check  on  this. 

A  broad  knowledge  of  manufacturing  expe¬ 
dients  aids  us  in  getting  out  special  trans¬ 
formers  to  your  specifications.  "Newark"  has 
made  a  real  reputation  along  this  line.  We 
tame  tough  transformer  troubles. 

Dry  type  transformers  in 
glilillllllllllA^  standard  or  special  types, 
using  components  of  proven 
correctness  and  quality, 
capacities  from  I  to  1 50  kva. 
'Phone,  or  Bul- 

on 


Trp*  M 

SlafI*  pka—  Im- 
tmmlmg  tram$- 
tenser,  0.050  te 
7.S  kva.  4afm 
traaetarm- 
or.  0.250  ta  IS 


Fig.  9  (left) — Double  lyitem  of  electrodci 
in  parallel  to  reduce  loues 


catf  help  i{oun>  pMdueUoH 


Fig.  10  (right) — Path  of  electrons  (dotted) 
between  inclined  metal  plotea  for  slowing 
and  collecting  electrons 


Experienced  engineers,  skilled  operators,  machines  and 
floor  space — ready  to  jump  in  on  your  subcontract  work. 
Established  long  before  Pearl  Harbor,  this  division  has 
hung  up  new  production  records  on  general  manu¬ 
facturing  as  well  as  electrical  work.  'Phone  us  — 
BIGELOW  3-5600. 


The  electron  stream  on  leaving  elec¬ 
trode  D  includes  electrons  of  various 
velocities.  With  an  arrangement  as 
shown  in  Fig.  10  one  can  slow  the  elec¬ 
trons  down  in  steps  and  collect  them. 

t  See  previously  cited  references  to  t 
Kobl  and  H.  E.  HoUmsn. 
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Winning  a  war  is  not  an  easy  job.  Victory  goes  to  the  side  that 
fights  harder,  and  works  harder.  ★  From  all  reports  our  fighting 
men  will  stand  up  to  anybody,  anywhere.  It  is  our  job,  here  at 
home,  to  prove  that  we  can  work  as  hard  as  they  can  fight.  ★ 
The  way  the  women  of  America  have  accepted  this  responsibility 
is  worthy  of  tribute.  Here  at  Simpson  much  of  our  wanpower  has 
changed  to  U'omawpower — good  soldiers  all,  taking  the  place  of 
husbands,  brothers  and  sweethearts.  'Ar  Like  all  men  and  women 
in  American  industry,  we  know  but  one  reso¬ 
lution — to  make  all  the  electrical  instruments 
and  testing  equipment  we  can,  the  best  we 
can,  as  fast  as  we  can. 


SIMPSON  ELECTRIC  CO. 

5200-5218  Kinzie  Street,  Chicago,  Illinois 


Buy  War  Bonds  and  W  Stamps  for  Victory 
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A  system  of  parallel  metallic  plates  ig 
mounted  somewhat  inclined  to  the  di¬ 
rection  of  the  electron  stream.  Pr  )M 
left  to  right  the  plates  are  maintai  .ed 
increasingly  negative  in  steps.  The 
dotted  lines  show  the  tracks  of  the  e'ec- 
trons  of  different  velocities.  One  could 
also  permit  the  electrons  to  fall  viith 
full  velocity  onto  a  water-cooled  ele^ 
trode.  The  principal  concern  is,  how. 
ever,  that  the  development  of  heat  froa 
the  electron  bombardment  takes  p<see 
sufficiently  far  from  the  small  oscillat¬ 
ing  electrodes. 

Let  us  give  just  one  example  in  coc- 
elusion.  Suppose  that  within  one  tube 
we  maintain  two  concentrated  electron 
streams  of  50  milliamps  each.  The  po. 
tential  of  the  accelerating  electrodes  ii 
10,000  volts,  that  of  the  two  oscillating 
electrodes,  4000  volts.  The  electrai 


electrodes,  4000  volts.  The  electrai 
stream  has  an  operating  energy  of  100 
milliamperes  X  4000  volts,  or  400  wattg. 
Wi^h  an  e.c.e.  of  35  percent  we  wonld 
get  140  watts  oscillatory  power  output 
One  can  count  on  25  percent  e.c.e.  in 
practice.  This  means  an  output  of  100 
watts.  Length  of  the  Faraday  cylinder 
figures  about  5  mm  for  a  20-cm  wave. 


. . . .  helping  win  the  war! 

She  and  several  hundred  others  here  at  Scientific 
Radio  Products  Co. 

They’re  turning  out  the  perfect  crystels  that  put  life 
into  the  radio  equipment  of  our  armed  forces, — and 
keep  alive  the  vital  communications  on  which 

depend  the  very  lives  of 
our 

With  two  ingredients  .  .  . 
loyalty  plus  .  .  . 

they’re  forming  crystals 
are 

Although  we’re  husy  with 
Uncle  Sam’s  needs  right 
now,  our  facilities  are  such 
that  we  can  take  care  of 
your  requirements,  too! 

Write  us. 


Photoelectric  Timer  Controh 
X-ray  Film  Exposure 

An  electron  multiplier  phototube, 
a  thyratron  and  several  ignitrons  in 
a  simple  electronic  circuit  make  cor¬ 
rect  exposure  of  x-ray  film  an  en¬ 
tirely  automatic  process.  Calcula¬ 
tions,  technical  factors,  critical  ad¬ 
justments  of  x-ray  tube  voltage  and 
adjustments  of  mechanical  or  motor- 
driven  timing  mechanisms  are  en¬ 
tirely  eliminated. 

The  photoelectric  timing  mechan¬ 
ism  utilizing  this  arrangement  was 
developed  by  Dr.  Russell  H.  Morgan 
of  the  Division  of  Roentgenology  of 
the  University  of  Chicago,  and  is  de¬ 
scribed  by  him  in  the  Amertcaa 


Temperature  co-eScient  tettiuR  is  an  im. 
portant  job!  Crystals  must  perform  per¬ 
fectly  in  aU  defreos.  Fighting  men  depend 
on  our  accuracy! 


essentially  a  modification  of  the 
x-ray  exposure  meter  which  he  pre¬ 
viously  developed*’  *,  providing  auto¬ 
matic  control  features  rather  than » 
meter  indication. 

It  is  highly  essential  in  the  produ^ 
tion  of  diagnostically  excellent  radio¬ 
graphs  that  the  method  by  which  ex¬ 
posure  is  determined  be  consistently 
reliable.  The  principal  guides  are 
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MaCNET  WIRE  HEaDQjUJiRTERS 


BARE  AND  ALL  INSULATIONS 


SILK  COTTON 

PAPER  FORMVAR 

ENAMELED 


REA  MAGNET  WIRE  COMPANY 

FORT  WAYNE,  INDIANA 


WITH  VICTORY  AT  STAKE  THE  BEST  IS  NONE  TOO  GOOD! 


4  / 


.1 


REMOTE 

CONTROL 


velopment  of  the  exposure  meter. 
This  is  similar  in  basic  design  to 
photographic  exposure  meters  of  the 
photoelectric  type.  The  glass  envel- 
ope  of  a  phototube  is  coated  witii  a 
fluorescent  material,  and  its  output 
is  fed  through  an  amplifier  to  a 
microammeter.  The  phototube  as¬ 
sembly  is  placed  underneath  the 
structure  to  be  studied,  an  x-ray 
beam  is  projected  through  the  struc¬ 
ture,  and  the  meter  deflection  is  ob- 
served.  The  meter  scale  can  be  cali¬ 
brated  directly  in  terms  of  expo.sure 
time. 

One  objection  to  the  meter  is  the 
need  for  two  exposures,  one  for  tak¬ 
ing  the  reading  and  the  other  for 
exposing  the  film.  The  newly  de¬ 
veloped  phototimer  completely  elim¬ 
inates  thw  objectkin  by  checking 
exposure  time  concurrently  with 
exposure  of  the  film,  and  shutting 
off  the  machine  automatically  when 
the  proper  quantity  of  radiation  has 
been  delivered  to  the  film. 

Basie  Arrangement  of  Timer 

The  basic  components  of  the  pho¬ 
totimer  are  designated  in  Fig.  L 
When  the  x-ray  machine  switch  is 
closed, 


Available  in  sizes  up  to  75  KVA 


Large  amounts  of  POWER 
can  now  be  controlled  by  a 
push  button  or  automatic  device 


roentgen  beam  passes 
through  the  patient,  exposes  the  film, 
and  excites  the  fluorescent  screen. 
The  resulting  light,  proportional  to 
the  intensity  of  the  radiation  passing 
through  the  film,  is  picked  up  by  the 
phototube  and  converted  into  a  vol- 
a  capacitor. 


Choose  POWERSTAT  MOTOR  DRIVEN  VARIABLE 
TRANSFORMERS  for  control.  When  regulation  of 
voltage,  current  or  power  is  nessesary  in  your  design, 
POWERSTATS  are  the  answer  to  your  most  rigid  speci¬ 
fications.  This  equipment  is  an  engineered  combina¬ 
tion  of  a  POWERSTAT  VARIABLE  TRANSFORMER  and 
a  highly  damped  low  speed  motor  of  advanced  design. 


tage  which  charges 


High-voi':9« 
tran$fc.rm«r 
e^rictifitr 
for  x-ray 
modww 


CrosS'Section 
of  patient 


SMOOTH  STEPLESS  CONTROL 


EXACTING  CORRECTION 


FREEDOM  FROM  OVERSHOOTING 
ZERO  WAVE  FORM  DISTORTION 


X-ray  nm 
mhoktar/x 


CONNECTION  TO  AUTOMATIC  OR  PUSH 
BUTTON  CONTROL  STATIONS 


Multiplitr 

phototutM 


GOOD  REGULATION  WHERE  OUTPUT  IS  TO  BE 
INDEPENDENT  OF  LOAD  AND  POWER  FACTOR 

Select 

POWERSTAT  MOTOR  DRIVEN  VARIABLE  TRANSFORMERS 


more  t 


Fig.  1 — Block  diagram  of  oloctronic 
for  Bocuring  corroct  oxposuro  of  x-rof  iiii 
outomaticcdly 


Send  for  POJSFERSTAT  Bulletin  No.  149  LE  and 
Automatic  Voltage  Regulator  Bulletin  No.  163  LE. 


When  the  capacitor  voltage  naciit 
a  predetermined  level,  it  triggers  ' 
a  thyratron,  which  in  turn  energ'zt 
relays  which  turn  off  the  x-ray  n 
chine,  terminating  the  exposure. 


SUPERIOR  ELECTRIC  CO 


ELECTROM' 


Control 
pond 
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BUTYL  RUBBER 

the  neoprenes 


WHAT  IS  SYNTHETIC  RUBBER?  HOW  IS  IT  MADE? 
WHERE  IS  IT  USED?  HOW  DOES  IT  COMPARE  WITH 
NATURAL  RUBBER?  You’ll  find  the  answers  in  this  new  book 


and  how  to  compound  them.  We  work  with  ail 
five  types;  use  the  type  available  that  is  best  suited 
for  the  purpose. 

You  can  get  an  over-all  picture  of  the  properties 
and  characteristics  of  synthetic  rubber  in  the  new  book 
recently  published  by  United  States  Rubber  Company. 
A  request  for  "The  Five  Commercial  Types  of  Syn¬ 
thetic  Rubber"  made  on  your  company  letterhead  will 
be  filled  promptly.  Address  your  letter  to  Dept.  5. 


As  the  supply  of  natural  rubber  diminishes,  undoubt¬ 
edly  more  and  more  mechanical  goods  will  be  made 
of  synthetic  rubber . . .  hose,  belts,  packings,  molded 
goods,  tank  linings,  and  other  rubber  products  used 
by  industry. 

the  field  of  synthetic  rubber  for 
know  what  each  of  the 
as  sulfur. 


Having  worked 
more  than  twenty  years, 

,tive  types  will  do;  what  chemicals  such 
c.ii  on-black,  or  ultra-accelerators  must  be  added^ 


lyNITED  STATES  RUBBER  COMPANY 


tht  Philharmtmc  Symphtny  program  ovtr  thr  CBS 
"'■i,  Sktu/ay  afternoon  ?  ;00  4 :  W  £.  W.  T.  Carl  Van  Doren 

J  guest  star  present  an  interlude  cf  historical  significance. 


1230  SIXTH  AVENUE  •  ROCKEFELLER  CENTER  •  NEW  YORK 
IN  CANADA:  DOMINION  RUBBER  COMPANY,  LTD. 
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CLAROSTAT  MFG.  CO..  Inc.  •  285-7  N.6th  St.,  Brooklyn.  N.Y 


931 

MultipKtr 

p^ototub« 


O.Smtg. 


Fig.  2 — Compivt*  phototimcr  dicuit 


The  original  article  develops  inc 
equation  for  proper  exposuift  of  the 
film.  This  is  CV/k=a„  where  fc  is  a 
constant  depending  upon  phototube 
sensitivity,  a,  is  a  constant  depend¬ 
ing  on  the  speed  of  the  film  emulsion, 
C  is  the  capacitance  and  V  is  the  vol¬ 
tage  across  the  capacitor. 

The  current  output  of  ordinary 
phototubes  is  so  small  under  roent- 
genographic  conditions  that  stray 
charges  collected  through  the  insula¬ 
tion  of  the  phototube  and  wiring  sys¬ 
tem  and  from  the  control  grid  of  the 
thyratron  can  become  an  appreciable 
portion  of  the  total  charge  reaching 
the  capacitor  and  can  hence  make  the 
phototimer  act  prematurely.  The 
multiplier  phototube  eliminates  this 
difficulty,  giving  a  current  output  of 
several  microamperes  when  activated 
by  the  ratiation  intensities  em¬ 
ployed  •’  *. 

Analysis  of  Complete  Circuit 

The  schematic  diagram  of  the  com¬ 
plete  phototimer  circuit  is  given  in 
Fig.  2.  The  type  931  multiplier  pho¬ 
totube  contains  nine  dynodes  in  ad¬ 
dition  to  the  conventional  photo¬ 
cathode  and  anode.  The  number  9 
dymode  is  employed  as  the  control 
electrode  of  the  circuit  in  place  of  the 
anode,  because  the  charge  delivered 
to  capacitor  C  by  the  anode  would  be 
of  the  wrong  polarity  to  activate  the 
thyratron.  Although  the  potential 
of  this  dynode  with  respect  to  the 
photocathode  increases  as  the  capaci- 


Vtnre-wound  rheostats  and  po¬ 
tentiometers  Type  58  shown 
above.  1  to  100,000  ohms.  Choice 
of  tapers.  Linear,  rated  at  3 
watts;  tapered,  1.5  and  2  watts. 


A  300%  increase  in  winding  capacity!  This 
^  feature  of  Clarostat’s  recent  production  ex¬ 
pansion  climaxed  by  the  opening  of  a  second 
plant,  is  a  vital  contribution  to  the  war  effort. 
Please  bear  this  wire-winding  capacity  in  mind 
in  connection  with  your  high-priority  require¬ 
ments. 

And  remember  also  that  for  the  past  two  dec¬ 
ades  Clarostat  engineers  have  designed,  built 
and  steadily  refined  their  excteslve  winding  ma¬ 
chines.  Marvels  of  mechanical  ingenuity,  these 
machines  produce  those  precise  windings  of  uni¬ 
form  or  variable  pitch;  those  round,  square  or 
flat  windings;  those  tricky  multiple-tapped  wind¬ 
ings;  those  high-ohmage  windings  requiring 
wire  even  as  fine  as  .0009"  (nine  ten-thousandths 
— finer  than  human  hair).  All  of  which  explains 
why  most  reaffy  tough  control  jobs  usually 
come  to  Clarostat. 


Multiple  controls  up  to  20  units 
in  tandem.  Single  shaft  locks 
with  rotor  of  each  controL  In¬ 
terlocking  resistance  ratios  pro¬ 
vide  any  desired  voltage  or  cur¬ 
rent  at  given  degree  of  rotation, 
for  each  circuit. 


Power  rheostats  in  25-  and  50- 
watt  ratings.  0.5  to  10,000  ohms. 
Exceptionally  rugged.  Normal 
current  may  be  exceeded  by 
50%  at  any  setting  up  to  1/3 
rotation.  Also  available  in  tan¬ 
dem  combinations.  Special  units 
made  in  strict  accordance  with 
Army  and  Navy  Air  Force  spe¬ 
cifications.  Enclosed  or  armored 
units. 


^  Send  1^044^  PnoJdem 


Also  other  types  of  wire-wound 
controls,  standard  and  special, 
to  meet  all  needs. 


If  it  deals  with  adjustable  or  fixed  resistance  send  it 
to  us  for  engineering  collaboration,  specifications,  quo¬ 
tations.  Literature  on  request. 


ELECTRONIC? 


At  this  time,  would  an  occasional  "horn  toot"  be  excusable? 


Division  oi 

FEDERAL  MANUFACTURING  AND  ENGINEERING  CORPORATION 

Manufacturers  of  FEDERAL  ENLARGERS 

209  Steuben  Street  Brooklyn  5.  New  York 


*  *  it  ■ft  AWARDED  TO 
FEDERAL  MANUFACTURING 
St  ENGINEERING  CORP. 
FOR  HIGH  ACHIEVEMENT 
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We  have  never  boasted  oi  our  accomplishments.  We  knew  we  were  doing 
a  good  job  . . .  our  customers  knew  it,  too. 

The  smaller,  but  paradoxically  more  pviblicized  division  of  our  organization,  was  devoted  to 
the  manufacture  of  FEDERAL  ENLARGERS .  .  .  precision  optical  and  mechanical  instru¬ 
ments  for  the  photographic  market.  The  major  portion  of  Federal  facilities  has  been  serving  the 
Signal  Corps  and  leading  radio  equipment  manufacturers  for  more  than  fifteen  years. 

Come  Pearl  Harbor  .  .  .  and  our  enlil'e  productive  capacity  immediately  was  placed  at 
the  disposal  of  the  Armed  Forces.  With  justifiable  pride  we  con  say  that  we  were  among  the 
first  to  receive  the  coveted  Army-Navy  "E". 


With  production  efficiently  geared,  we  ore  now  sufficiently  far  ahead  of  all  current  schedules 
to  permit  us  to  solicit  additional  contracts.  We  invite  orders  for  the  manufacture  of  large  and 
small  assemblies  to  precise  tolerances  .  .  .  electrical  and  mechanical. 


ce«^  ^e®^ 
..riO.  ^ 


^V\c'-'  Y'-'  .  P-'  '  s. 

^eO'  ^\o  o. 

...t.‘*'  oi,*-*-  ^4% 


tor  becomes  charged,  this  does  not 
appreciably  change  the  sensitivity  of 
the  phototube  over  the  normal  oper¬ 
ating  range. 

Operating  potentials  for  the  photo¬ 
tube  and  for  the  grid  of  the  thy- 
ratron  are  provided  by  a  voltage¬ 
doubling  circuit  using  two  5W4  tubes 
fed  by  the  400-volt  secondary  of  the 
power  transformer.  It  is  desirable 
to  connect  the  primary  of  this  trans¬ 
former  to  a  stabilized  115-volt  a-e 
source,  such  as  the  primary  filament 
circuit  of  the  x-ray  machine.  The 
same  source  may  also  provide  plate 
voltage  for  the  thyratron,  which  is 
self-rectifying. 

The  timing  mechanism  controls 
the  x-ray  machine  through  the  two 
relays,  /?e,  and  Re^.  After  a  film  has 
been  inserted  in  the  film  tray  and  the 
patient  has  been  properly  positioned, 
the  machine  is  adjusted  to  any  r.a 
sonable  voltage  for  the  anatomical 
structure  under  examination,  poten¬ 
tiometer  R,  is  set  to  the  speed  num¬ 
ber  of  the  film  to  be  exposed,  and 
starting  switch  Sw^  is  closed.  This 
energizes  the  main  relays  or  igni- 
trons  of  the  x-ray  machine,  begin 
ning  the  exposure.  When  exposure 
is  completed,  as  determined  by  charg¬ 
ing  of  C  to  the  value  required  for 
triggering  the  thyratron,  the  result¬ 
ing  thyratron  plate  current  energizes 
relay  Re,,  opening  its  contacts  and 
thereby  breaking  the  circuit  to  ihe 
x-ray  machine.  At  any  convenient 
time  thereafter,  switch  Swi  is  opened 
manually,  de-energizing  relay  Re, 
Condenser  C  then  discharges  thruug!; 
the  closed  contacts  of  this  relay  and 
the  thyratron  deionizes,  preparins 
the  timing  mechanism  automatical!] 
for  the  next  exposure. 

The  initial  voltage  on  the  contr  1 
grid  of  the  thyratron  is  governed  b] 
the  setting  of  the  tapped  voltage  d; 
vider.  This  adjustment  permits  cun; 
pensation  for  changes  in  the  responsi 
k  of  the  phototube  and  its  fluorcscer. 
screen  when  the  voltage  of  the  x-ra; 
tube  is  altered  and  a  Potter-Buck; 
grid  or  an  intensifying  screen 
used.  Only  the  basic  divider  lircui 
is  shown  in  the  diagram;  in  tb 
actual  unit  two  dividers  and  a  switc 
are  used,  with  the  dividers  mecha: 
ically  coupled  to  the  voltage  contr 
of  the  x-ray  machine  to  make  th 
adjustment  entirely  automatic.  VVhe 
films  are  exposed  without  screens 
grids,  no  compensation  for  chanc 
in  x-ray  tube  voltage  is  needed.' 

The  phototube,  its  fluorcst: 
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RADIO 

RECEIVER  AND  TRANSMITTER  CHASSIS 


FOR  Your  APPLICATION 


KAAR  ENGINEERING  CO. 

PALO  ALTO,  CALIFORNIA 

Manufacturers  of  High  Grade  Mobile  and  Central  Station  Radiotelephone  Equipment 


SMALL:  —  Various  types  of  Receivers  and  Transmitters  require  a  space  only  1"  wide, 
deep  and  7^"  High. 

PERFORMANCE: —  Receirer*  with  1  microvolt  sensitivity,  high  selectivity  with  a  band  width  of  only 
16  KC  at  30  DB  down.  Tunable,  multi-channel  crystal  controlled  or  combination 
models  available. 


T ransmitters  with  up  to  four  crystal  controlled  channels,  built-in  antenna  match¬ 
ing  network,  20-25  ^^atts  power  output  with  100%  modulation  capability  on 
phone.  10  watt  model  with  power  supply  on  same  smaU  chassis  also  available. 

VERSATILE :  — Operation  on  6,  12,  32,  110  volts  DC;  117  volts  AC  or  various  DC-AC  combina¬ 
tions.  Dynamotor  or  Vibrator  power  supplies  available  for  operation  of  transmitters 
and  receivers. 


Series  6  tunable  receiver.  2  band 
model  illustrated,  range 
5504000  K.C, 


Series  6,  five  channel  fixed  tuned 
receiver.  Model  illustrated  not 
crystal  controlled. 


Under  chassis  view  Series  6  tun¬ 
able  receiver. 


Series  20,  4  channel  1600-6000  KC, 
20  watt  transmitter. 


Under  chassis  view  Series  20 
transmitter. 


CHINES 


Parachuting  from  stratosphere 
altitudes  of  over  30,000  feet  and 
sub-zero  temperatures  often  as 
low  as  minus  92'  F.,  the  pilot 
drops  earthward  at  an  amazingly 
rapid  rate  to  lower  altitudes  and 
higher  temperatures. 


MODEL  RTC-IH 
Tamp.  Range:  — S5'  C.  to 
-f-70*  C.  Humidity  Range: 
ambient  te  140'  C.;  ambi* 
ent  te  95%  relative.  Usable 
Interior:  25.9  cw.  ft. 


There  are  other 
the 

temper- 
to  Amcoil 
Testing  Chambers.  Their 
fast  rate  of  temperature 
change  means  more  tests  per 

hour  and  more  tests  per  dollar.  As  one  user  so  aptly  put  it,  "she  goes 
up  and  down  like  an  elevator". 

Have  you  the  problem  of  simulating  conditions  of  the  upper  alti¬ 
tudes  and  observing  their  effect  upon  the  behavior  of  your  instruments 
prior  to  their  use.^  In  addition  to  temperature  test  chambers  with 
either  mechanical  or  dry  ice  refrigeration,  Amcoil  units  are  available 
for  humidity  testing  and  altitude  testing.  Ask  an  Amcoil  Engineer 
to  help  you  by  recommending  the  correct  equipment  for  wartime 
pre-testing  of  your  instruments. 


screen  and  the  dynode  resistor  net¬ 
work  were  mounted  in  a  light-proof 
case  6xl.5xl.5  inches  for  one  typioal 
application,  and  positioned  directly 
beneath  the  center  of  the  film  tray. 
An  opening  several  inches  in  diam¬ 
eter  was  drilled  through  the  tray  to 
permit  free  passage  of  the  radiation 
to  the  phototube  assembly.  The  rest 
of  the  timer  was  built  into  the  con¬ 
trol  stand  of  the  x-ray  machine. 

In  chest  radiography  two  photo¬ 
tubes,  each  scanning  separate  lung 
fields,  are  used  in  the  phototimer 
circuit. 

The  main  switches  of  the  x-ray 
machine  should  be  of  the  ignitron 
type,  to  insure  beginning  and  ending 
of  an  exposure  at  a  zero  point  in  a 
cycle. 
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Calibrating  Stop  Values 
Of  Lenses 


Writing  in  the  April  1943  issue  of 
American  Cinematographer,  Daniel 
B,  Clark  points  out  that  the  trans¬ 
mission  of  lenses  may  be  as  much  as 
a  full  stop  in  error  when  diaphragm 
openings  are  calibrated  by  the  con¬ 
ventional  formula  /  =  F  D,  in  which 
f  is  the  numerical  value  of  the  /-stop 
in  question,  F  is  the  focal  length  of 
the  lens  and  D  is  the  diameter  of  the 
aperture  at  the  stop  indicated  by  /. 
The  reason  for  this  error  is  failure 
of  the  formula  to  take  into  account 
the  type  of  glass  used  in  constructing 
each  element  of  the  lens,  the  number 
of  elements  and  their  respective 
transmission  factors,  the  number  of 
glass-air  surfaces  and  the  presence 
of  a  coating  on  the  lens. 

The  solution  offered  is  photoelec¬ 
tric  measurement  of  actual  trans¬ 
mitted  light  through  the  lens  itself, 
using  a  known  standard  light  source 
The  equipment  is  arranged  as  shown 
in  the  diagram,  and  a  calibrated 
master  lens  is  screwed  into  one  end 
of  a  light-tight  tube  having  at  its 
opposite  end  a  phototube.  The  image 
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(Photograffh  Actual  Size) 


Engineered  on  a  New  Principle  with  the  Precision 
of  0  Fine  Watch,  this  Sturdy  Little  Midget  Really 
Stands  Up  Under  the  Punishment  of  Hard  War  Use 
For  Which  It  Was  Specifically  Designed. 


Improved  Features: 


Smiilmd  Chamber,  Serves  as  effective  arc  quench  and  also  reduces  the  fire  and 
explosion  hazards  of  exposed  contacts. 

ffxcMS  Capoeffy.  Rated  at  25  amperes;  operates  satisfactorily  at  50  amperes; 
tested  without  failure  at  120  amperes  high  inductive  load. 

Light  and  Compact,  Standard  model  above  (S47D)  weighs  only  4.6  ounces; 
overall  dimensions  as  follows: 

Height,  I  9/16* 

Width,  1  2l/64» 

Length  (less  base),  1  '^'16' 

Overall  of  base,  2  ^16* 

Mounting  holes,  center  to  center,  I  3^4* 

Posifiv*  Action.  Overtravel  spring  insures  positive  contact  pressure  and  instant 
"break"  release. 

Tampar  Proof.  Factory  adjusted  and  sealed;  protection  against  unauthorized 
re-adjustments. 

Aovorifblo  Contoefs.  If  worn  from  excessive  use  contacts  may  be  reversed  in 
the  field,  thus  providing  new  surfaces  without  disturbing  adjustment. 


Specifications: 

Norma!  Cot!  Kal/ug.  24  volt  -  ISO  m.  a.  •  .S.6  tvattv. 

Contact  Rattug.  2S  amps,  inductive  load  at  .SO  volts. 

Unit  has  withstood  Army  tests,  including  overload;  vibration  SS  cycles  per 
j«.-cond  with  .06*  excursion;  acceleration  of  10  gravity  units,  salt  spray  tests  of 
2'tO  hours  duration. 
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of  the  lens  is  accurately  focused  on 
the  cathode  of  the  phototube.  In 
front  of  the  lens  is  a  suitable  light 
source,  mounted  behind  a  ground 
glass  diffusing  panel  and  connected 
to  the  power  line  through  an  accur¬ 
ate  voltage  control  and  meter.  The 
phototube  is  connected  to  feed  an 
ultrasensitive  microammeter. 

With  the  diaphragm  of  the  mastt 
lens  set  at  //3.2  (or  some  other  open¬ 
ing  in  the  middle  range),  the  voltage 
of  the  light  source  is  adjusted  unti’ 
a  convenient  reading  near  mid-scale 
is  obtained  on  the  microammeter. 
Use  of  the  master  lens  in  this  man- 
I  ner  eliminates  errors  due  to  varia¬ 
tions  in  the  light  source,  phototube 
or  meter. 
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JLt  takes  stout,  rugged  men  to  fight  a  tank. 
The  speed,  the  bucking  and  swaying,  the  paralyzing  roar  and 
shudder  of  gunfire  continuously  test  stamina  of  both  men 
and  equipment. 

Consolidated  Radio  is  justly  proud  to  he  mak¬ 
ing  headphones  that  are  slugging  it  out  with  our  fighting  tank 
men . . .  and  coming  through . . .  the  roughest,  toughest  battle 
conditions. 


t'oMelldated  Radioes  Modern  Maiw 
ProdaetioB  Methodfi  Tan  Snp|dy 
Signal  Corpw  And  Other  Headphone 
IlnltM  In  OnantitieoToContraetorfi. 


^  CONSOLIDATED 
r  RADIO  PRODUCTS  CO. 


^PECMALMSTS  IN  MAGNETMC  AND  ELECTRONiC  BEViCES 


^.C.A  ultra  sensiHue 
microamme  fer —  ^ 

- 

o 

Ligh-t 

Disusing  1 

screen 

source 

/  \  Mask^^  \ 

e/75 

_ 

Dtapnragm 

kefleclor 

Photoelectric  let-up  for  calibrating  itop 
values  of  a  lens 


The  lens  to  be  calibrated  is  noM( 
substituted  for  the  master  lens  anrf 
its  diaphragm  is  manipulated  to 
give  the  same  meter  reading.  This 
diaphragm  setting  is  calibrated  as 
j  //3.2.  Mathematically  correct  trans- 
I  mission  values  are  then  computed 
!  for  each  stop  above  and  below  this 
i  median  value  and  are  converted  into 
;  microammeter  readings'  based  on 
j  the  reading  for  /:3.2,  after  which 
j  other  stops  are  calibrated  by  their 
I  actually  measured  transmission.  The 
I  resulting  calibration  is  correct,  stop 
I  for  stop,  regardless  of  the  design 
and  construction  of  the  lens.  Steps 
are  under  way  to  establish  this  pro- 
I  cedure  as  a  national  standard  for 
!  calibrating  lenses. 


Protecting  Meters  with  Fuses 

Meter  shortages  and  greatly  in¬ 
creased  use  of  meters  by  relatively 
untrained  personnel  in  industrial 
plants  and  the  military  training  pro¬ 
gram  make  protection  of  meters 
highly  advisable  today  whenever  pos¬ 
sible.  For  this  reason,  portions  of  an 


r 


!!i£;e  SPECIALIZED  Beiden  Wires  and  Cobles 
s«e  service  on  many  fronts  . . . 

Belclen  all-rubber  electrical  cords  with  Beiden  un¬ 
breakable  soft  rubber  plugs  •  radio  hook-up  wire  • 
mi<  rophone  cable  •  test  prod  lead  wire  •  high  fre¬ 
quency  cables  •  aircraft  spark  plug  wires  and  priinary 
^les  •  automotive  wires  and  cables  •  Beloenarael 
magnet  wire  •  and  many  others. 


Beiden 

WIRE 
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Beiden  Manufacturing  Company 
4625  W.  Van  Buren  St. 
Chicago,  Illinois 


Awarded  the  U.  S.  Treas* 
ury  Special  Citation  of 


Merit  for  initiating  the  War 
Bond-or>Cash  Dividend  Plon 


At  In  this  electro-mechanical  war,  wire  is  on  constant  duty  on 
many  fronts  in  planes,  tanks,  ships,  and  submarines.  It  is  on  duty, 
too,  in  the  machines  that  produce  vital  war  equipment  and  on 
still  others  that  test  it.  Wherever  it  is  used,  good  wire  and  good 
wire  connections  are  necessary  to  help  insure  success. 

For  forty  years  Beiden  engineers  have  devoted  their  efforts  to 
building  not  just  wire — but  plus-performance  wire,  ^'orld-wide 
war  service  is  demonstrating  the  value  of  this  experience.  Make 
sure  of  your  wiring— specify  Beiden. 


article  “When  Meters  Blow’  by  Lou  * 
J.  Fohr,  Jr.,  of  Littelfuse  Inc.  ard 
abstracted  here  from  the  Jan.  19? 
issue  of  Electronics,  with  addition 
to  include  the  latest  development 
along  instrument  protection  lines. 

Fusing  of  the  meter  circuit  cai 
provide  simple,  fast  and  effectiv 
protection  against  overload.  Stand 
ard  sizes  of  fuses  are  available  an 
are  quite  low  in  cost.  Whereas  i 
1/100  amp  fuse  was .  the  smalleg 
available  in  1937,  today  vacuum-en 
closed  meter  fuses  are  available  [ 
sizes  down  to  1/1000  amp. 

Whenever  possible,  the  fuse  shouli 
be  inserted  before  the  meter  shuni 
or  multiplier.  In  most  cases,  th« 


Only  Mobile  units  offer  program  controlled 
or  manually  set  flight-similitude  conditions. 
These  units  provide  completely  coordinated 
altitude-temperature  curves  to  a  maximum  of 
80«000  feet  altitude  at  a  temperature  minimum 
of  -120°  F. 

Reheat  and  hiunidity  testing  is  standard  also 
in  these  Mobile  units,  up  to  185° F  with  fully 
controlled  humidity  conditions  according  to 
your  requirements. 

Our  production  time  has  recently  been  cut 
almost  40%-  We  invite  your  inquiry. 


ing.  If  the  error  is  greater  than  the 
permissible  tolerance,-  however,  a 
push-button  switch  may  be  shunted 
across  the  fuse  to  short  it  out  for 
final  readings  only. 

The  time  required  for  an  instru¬ 
ment  fuse  to  blow  is  an  inverse  func¬ 
tion  of  the  degree  of  overload.  An 
overload  of  0.02  amp  will  blow  a 
1/100  amp  fuse  in  0.1  sec,  an  over¬ 
load  of  0.1  amp  will  blow  the  fuse 
and  interrupt  the  circuit  in  0.0002 
sec,  and  an  extreme  overload  will 
make  the  blowing  time  practically  in¬ 
stantaneous.  This  is  an  important 
and  desirable  characteristic  when 
protecting  the  calibration  and  bal¬ 
ance  of  a  delicate  instrument. 


Recording  Blood  Flow  in 
Stomach  with  Thermocouple^^ 
and  Phototube 

The  measurement  of  blood  flow  in 
the  intact  human  stomach  and  in¬ 
testine  presents  an  interesting  and 
important  problem,  applicable  among 
other  things  to  an  investigation  of 
the  mechanism  underlying  the  de¬ 
velopment  of  peptic  ulcers. 

In  the  past  many  studies  of  intes¬ 
tinal  blood  flow  have  been  made,  all 
of  which  involved  rather  extensive 
surgical  procedures  and  cannulation 
of  the  arteries  and  veins.  The  results 
of  these  studies  have  been  variable 
and  at  times  contradictory,  possibly 
because  of  the  different  amounts  of 
trauma  (injury)  produced  by  dif¬ 
ferent  operators.  In  any  case,  these 
methods  could  not  be  applied  to  man. 

In  The  Journal  of  Clinical  Investi- 
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...EVERY  MINUTE-EVERY  DAY! 

Every  minute,  every  day,  Stackpole  electronic  components  to 
the  tune  of  hundreds  of  units  are  being  completed— each  one 
i  ear-marked  for  an  inconspicuous  but  highly  important  part 
I  in  the  war  effort. 

I  These  Stackpole  items  include  iron  cores,  line  switches, 

1  slide-action  switches,  fixed  resistors,  and  standard  variable 

I  resistors  as  well  as  those  designed  for  dusty,  extremely  humid, 

I  or  salt  spray  conditions. 

I  Stackpole  facilities— long  among  the  very  largest— have  been 

I  greatly  expanded.  Stackpole  engineers  have  the  all-essential 

I  “know  how”  to  help  solve  your  resistance  problems.  Stackpole 

I  service  assures  personalized  attention  to  your  requirements. 


STACKPOLE  CARBON  COMPANY 

Electronic  Components  Division  •  St.  Marys,  Penna. 
STACKPOLE  MAKES  THESE  PRODUCTS 

Brushttforall  rotating  oquipment  •  Carbon,  Graphito,  Molded  Metal,  and  Cempesitien 
Contacts  •  Powder  Metallurgy  Components  •  Bearings  •  Anodes  •  Electrodes  •  Power 
Tube  Anodes  •  Bracing  Blocks  •  Welding  Rods,  Electrodes  and  Plates  •  Packing, 
Piston,  and  Seal  Rings  •  Flashlight  Battery  Carbans  •  and  numerous  others. 


MOLDED  METAL  POWDER  AND  CARBON  PRODUCTS 
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METALLIC 

RECTIFIERS^ 


gation,‘2\,  p.  561/557,  1942,  Charles 
H.  Richards,  Steward  Wolf,  and  Har¬ 
old  Wolff  of  the  Cornell  University 
Medical  College  describe  a  thermal 
gradientometer  which  they  have  con¬ 
structed  with  the  assistance  of  Wil¬ 
liam  A.  Geohegan.  This  method, 
which  is  conveniently  applicable  to 
man,  depends  on  the  cooling  effect  of 
the  flowing  blood  on  a  group  of 
heated  thermocouples. 


Balloon  Device  is  Swallowed 


The  apparatus  consists  of  a  bal¬ 
loon,  about  8  cm  long  and  2.5  cm 
wide  at  its  greatest  diameter, 
through  which  passes  a  duodenal 
tube.  Six  constantan-copper  ther¬ 
mocouples  are  moulded  into  the  wall 
of  the  balloon  at  its  greatest  diam¬ 
eter.  The  duodenal  tube  at  the  cen¬ 
ter  of  the  balloon  has  wound  around 
it  a  heating  coil  with  the  reference 
thermocouples  beneath  it.  The  heater 
temperature  is  about  10  deg.  C  above 
that  of  the  body,  and  heat  is  radi¬ 
ated  to  the  whole  surface  of  the 
balloon.  The  tissue  in  contact  with 
the  balloon  is  consequently  warmed 
slightly  above  body  temperature. 
Small  contact  variations  are  of  lit¬ 
tle  importance,  as  the  indicated  tem¬ 
perature  is  the  average  obtained 
from  six  points. 

The  device  measures  the  flow  of 
blood  through  the  tissues,  not  the 
amount  of  blood  in  the  tissues.  Thus 
a  decreased  flow  would  be  indicated 
from  a  congested  area,  as  the  rela¬ 
tively  motionless  mass  of  blood  would 
be  unable  to  carry  away  as  much 
heat  as  a  normal  flow. 


Are  You  the  Man 

Who's  Interested  In 

RECTIFIERS? 

Then  We'd  Like  to  Tell  You  About 


^  Selenium 

NGINEERS  who  are  now  busy  with  Post-War  Plon- 
r  ^  ning  ore  uncovering  many  new  applications  for 
metallic  rectifiers — applications  once  thought  impracti¬ 
cal.  Are  YOU  one  of  these  Planners-for-the-Future? 


intnc 


Photoelectric  Recording  Is  Used 


The  apparatus  was  arranged  to 
record  on  a  kymograph  recorder 
drum  with  a  moving  pen  both  the 
temperature  gradient,  indicating  the 
relative  flow,  and  the  contractions  of 
the  stomach.  In  both  case.s  the 
phenomena  were  photoelectrically  re¬ 
corded.  A  sensitive  galvanometer 
was  used  with  the  thermocouples,  its 
light  beam  so  arranged  that  a  larger 
deflection  would  cause  a  greater  il¬ 
lumination  of  a  phototube.  The  pho¬ 
totube  anode  voltage  is  a.c.,  regulated 
on  the  effective  half  cycle  by  a  4005CL 
neon  lamp.  Thus  an  increased  tem¬ 
perature  gradient  causes  an  in- 
I  creased  illumination  of  the  photo- 
i  tube  which  produces  a  half-wave  60- 
j  cycle  voltage  which  is  amplified  by  a 


If  so,  B-L  Engineers  are  eager  to  help  you  develop  the 
ideal  modern  application  for  simplicity,  economy,  and 
efficiency.  In  wartime  use,  B-L  Metallic  Rectifiers  have 
proved  their  value  over  and  over  —  and  pointed  the 
way  to  new  peacetime  developments. 


rieno 

Comr 


Let  B-L  engineers  help  solve  your  prob¬ 
lems  of  metallic  rectifiers,  D.  C.  power 
supplies  and  conversion  assemblies. 
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ca<u<f 

...AND  THE 

BATTLE  OF. PRODUCTION 


were  designed,  new  methods  and  processes  devised, 
new  tests  and  inspections  employed,  so  that  today 
the  name  "Rola”  on  a  transformer  is  as  much  a 
hall-mark  of  quality  as  it  is  on  the  25,000,000  radio 
loud-speakers  that  Rola  has  produced. 

If  transformers  are  a  part  of  any  product  you  are  mak¬ 
ing,  Rola  solicits  an  opportunity  to  discuss  your  re¬ 
quirements  with  you.  Many  of  the  country’s  foremost 
prime  producers  of  communications  equipment  have 
found  our  product  and  our  performance  eminently 
satisfactory.  We  are  sure  you  would,  too.  The  Rola 
Company,Inc.,  2530  Superior  Ave.,Cleveland,Ohio. 


^HOEMAKER  stick  to  thy  last”  may  have  been 
good  advice  once . . .  but  it  doesn’t  apply  in  the 
Battle  of  Production,  where  the  ability  of  American 
industry  to  enter  new  fields  and  make  new  things 
has  amazed  the  world. 

Take  Rola,  for  example.  Recognized  for  years  as  a 
leading  maker  of  Sound  Reproducing  Equipment, 
Kola’s  principal  war  assignment  became  the  manu¬ 
facture  of  various  types  of  transformers  for  the 
intricate  communications  systems  of  our  Army  and 
Navy  Air  Forces. 

The  specifications  were  unusually  "tough”  but  Rola 
was  equipped  to  do  the  unusual.  Calling  upon  the 
skill  and  ingenuity  of  its  people  and  upon  an  expe¬ 
rience  that  dates  from  the  very  beginning  of  Radio 
Communications,  Rola  "tooled  up”.  New  machines 


RECEIVER  OUTPUT  •  MODULATION  •  MICROPHONE 


FILAMENT  •  AUDIO  INPUT  •  RADIO  STAGE  •  POWER  •  CHOKE  COILS 


HEAD  SETS  •  RELATED  ELECTRONIC  ITEMS 


ly  re¬ 
meter 
es,  its 
arger 


El  KCTRONICS  — Ju/v  1943 


f 


condenser-coupled  amplifier  and  rec- 
tified.  The  rectified  voltage  is  ap- 
plied  to  the  grids  of  parallel  6L6G 
tubes  which  have  in  their  plate  cir¬ 
cuit  a  solenoid  which  actuates  th« 
recording  pen. 

To  record  contraction  the  balloon 
in  the  stomach  is  inflated  and  the 
tube  leading  to  it  attached  to  a 
U-tube  mercury  manometer.  A  beam 
of  light  is  passed  across  the  surface] 
of  the  mercury  onto  a  phototube  con¬ 
nected  as  described  above.  Gastric 
contractions  cause  an  increase  of 
pressure  in  the  balloon,  elevating  the 
mercury  and,  somewhat  indirectly, 
the  recording  pen. 


SAVE  TIME- CUT 

FASTENING  RADIO  and 
ELECTRONIC  PARTS!  ^ 


Discussion  of  Results 


As  would  be  expected,  it  was  found 
that  with  the  onset  of  each  strong 
contraction  of  the  stomach  there  was 
a  sudden  increase  in  blood  flow,  fol¬ 
lowed  by  a  decrease  during  the  con¬ 
tinued  contraction.  With  the  thermal 
gradientometer  in  the  duodenum,  it 
was  found  that  showing  the  subject 
appetizing  foods  or  even  discussing 
them  produced  strong  contractions 
within  thirty  seconds  and  an  in¬ 
creased  blood  flow  within  ninety  sec¬ 
onds.  When  distasteful  foods  were 
shown  there  was  no  effect,  or  an 
actual  decrease  in  blood  flow  would 
occur. 

An  interesting  finding  was  that 
anxiety,  tension,  and  resentment 
were  associated  with  an  increased 
blood  flow.  It  has  long  been  known 
hat  these  emotions  produce  increased 
contractions,  while  fear  and  mental 
shock  lessen  the  contractions.  Prob¬ 
ably  further  use  of  the  device  will 
bring  out  the  response  of  the  blood 
flow  to  the  latter  emotions  as  well. 

This  apparatus  shows  again  that 
almost  any  physiological  phenomenon 
which  is  not  already  electrical  can 
be  transformed  by  a  phototube  into 
electricity  and  then  handled  and  re¬ 
corded  easily. — W.E.G. 


Wherever  you  now  use  a  regular  nut,  jam 
nut  or  nut  and  lockwasher  to  keep  parts 
tight  .  .  .  one  Self-locking  PALNUT  will 
do  the  job  with  unfailing  security,  in  less 
space — at  less  cost — with  less  assembly 
tune. 

Self-locking  PALNUTS  are  single  thread, 
tempered  spring  steel  locknuts  formed  to 
fit  standard  screw  threads.  Easily  applied 
with  an  ordinary  wrench — or,  on  fast  mov¬ 
ing  assembly  lines,  with  Yankee  and  Power 
Drivers.  PALNUTS  weigh  70%  less  than 
jam  nuts,  80%  less  than  regular  nuts — 
90%  less  than  nut  and  lockwasher.  Cost 
less  than  half  as  much  as  nut  and  lock¬ 
washer  combined.  Used  for  over  10  years 
on  radio,  electrical  and  all  types  of 
mechanical  assemblies.  Several  types  avail¬ 
able,  in  a  full  range  of  sizes. 

Send  details  of  your  assembly  for  data  and 
samples.  Write  for  Palnut  Manual  No.  2, 
giving  full  information. 


Shown  above  ^ 
is  the  Self- 
Locking  PAL-  \A.\ 
NUT  used  to 
fasten  Electrolytic  Condens¬ 
ers  to  the  chassis.  This  re¬ 
places  regular  nut  and  lock¬ 
washer,  saviiig  weight,  cost 
and  assembly  time.  Use  on 
Electrolytic  Condensers  ap¬ 
proved  by  U.  S.  Signal 
Corps. 


DOUBLE-LOCKING  ACTION 

When  the  PALNUT  is  wrench- 
tightened,  its  arched,  slotted  jaws 
grip  the  bolt  like  a  chuck  (B-B) 
while  spring  tension  is  exerted  up¬ 
ward  on  the  bolt  thread  and  down¬ 
ward  on  the  part  (A-A),  securely 
locking  both. 


THE  PALNUT  COMPANY 

77  CORDIER  ST..  IRVINGTON.  N.  J. 


Momentary  Contact  for 
Time  Clock 

Momentary  closing  of  a  circuit  wth 
the  hour  hand  of  an  electric  clock 
for  a  time  interval  as  short  as  one 
second  is  readily  obtained  with  a 
roller  and  contact  arrangement  de¬ 
scribed  by  Max  L.  Yeater  on  page 
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BETTER 


THE  LARGEST  PLANT  IN  AMERICA 

for  Making  Permanent  Magnets! 


IF  YOU  USE  permanent  magnets  in  your 
products,  chances  are  that  you've  either 
dealt  with  us  or  heard  about  us  sometime 
during  the  past  33  years.  But  if  you 
haven't,  we'd  like  to  tell  you  how  and 
why  we  can  help  you  if  there's  a  possi¬ 
bility  of  your  using  them  in  your  war  or 
post-war  products. 

Since  we  started  in  business  in  1910, 
we've  specialized  in  doing  one  thing  es¬ 
pecially  well  —  designing  and  producing 
better  permanent  magnets,  and  applying 
them  intelligently  to  hundreds  of  differ¬ 
ent  types  of  products.  As  a  result,  we  have 
had  a  wealth  of  experience  in  all  of  the 


highly  technical  considerations  involved 
—  from  the  selection  of  the  proper  type 
emd  grade  of  materials  to  the  quality  of 
the  finished  magnets.  Our  plant  is  the 
nation's  largest  devoted  to  the  exclusive 
production  of  permanent  magnets.  It  is  com¬ 
pletely  equipped  and  staffed  with  engi¬ 
neers  and  workers  of  the  highest  calibre. 

Our  production  capacity  is  now  devoted 
entirely  to  war  orders.  But  our  engineers 
will  be  glad  to  show  you  how  and  why 
countless  products  function  better  with 
permament  magnets.  Write  for  the  address 
of  our  office  nearest  you  and  a  copy  of 
our  30-page  "Permanent  Magnet  Manual." 


- me - 
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SIGMA 

Type  4  Relay 
\  Characteristics 


146  of  the  May  1943  Review  of  Se  en, 
tific  Instruments. 

A  spring  brass  arm  is  mou!ite^ 
on  the  hour  shaft  of  an  electri? 
clock,  with  the  ettd  of  the  arm  ma 
chined  longitudinally  to  serve  as  j 
shaft  for  a  small  metal  wheel  whiel 
rolls  over  one  or  more  pairs  of  cK  sei; 
spaced  contacts  set  into  the  face  ol 
the  clock.  The  roller  describes  i 
circular  path  and  passes  over  aei 
pair  of  contacts  once  each  hour 
shorting  them. 

The  time  interval  during  which  \ 
pair  of  contacts  will  be  shorted  aiu 
its  circuit  closed  can  be  predicte* 
(assuming  ideal 


It  is  now  possible  to  predetermine 
with  relative  exactness  the  performance 
of  a  Sigma  Sensitive  Relay  in  a  pro¬ 
posed  circuit;  to  design  the  circuit  for 
desired  relay  performance;  and  to  avoid 
costly  trial  and  error  research. 


mechanical  con 
struction)  from  the  equatios 
t  =ks/{tirru,  in  which  r  is  the  lengti 
of  the  roller  arm,  s  is  the  radius  oj 
the  roller,  u),  is  the  angular  velocity 
of  the  roller  arm,  u  is  the  spacing 
tween  the  contacts  and  k  is  the  gap 
required  to  break  the  arc  betwe«i 
two  contacts  at  the  voltage  and  cur 
rent  involved. 

This  method  makes  it  possible  to 
control  both  the  duration  of  contac: 
and  the  interval  between  successive 
contacts  in  a  revolution  with  a  higi 
degree  of  accuracy. 


SIGMA  SENSITIVE  RELAYS  OF  COURSE 


Magnetic  Control  Switch 

One  purpo  e  of  electronic  control  i: 
to  open  or  close  a  circuit  without  tfc 
actuating  element  coming  into  ph\> 
cal  contact  with  the  switching  el 
Capacity  control  circuits  a 


Operating  characteristics  of  the  Sigma  Type  4  Relay 
have  been  reduced  to  a  family  of  curves  comparable  to 
those  used  to  describe  performance  of  a  vacuum  tube. 
These  curves  are  reproduced  in  a  bulletin  which  besides 
describing  the  method  of  their  use,  gives  data  on  basic 
requirements  which  must  be  satisfied  under  different 
operating  conditions. 

Careful  consideration  of  this  bulletin  should  preclude 
’'mismatch'*  of  relay  to  circuit  which  has  all  too  often 
lurked  like  gremlins  to  upset  the  proper  operation  of  an 
otherwise  soundly  engineered  piece  of  equipment. 

your  copy  is  ready  for  mailing. 


ment. 

complish  this  by  using  a  metal  va 
as  an  actuating  element  and  cauM: 
it  to  change  the  capacity  in  a  vacuiir 
tube  oscillator  circuit.  In  applii 
tions  where  there  is  ample  actuati 
power,  however,  a  magnetic  con'i 
switch  developed  by  Harry  Fuchs 
New  York  City  offers  a  simpler  sol 
tion  which  still  meets  the  requi 
ment  that  there  be  no  physical 
tact. 

The  principle  is  essentially 
which  causes  the  pointer  of  a  ma 
netic  compass  to  follow  a  piece 
iron  which  is  moved  around  the  o 
side  of  the  compass  case.  A  slen 
iron  armature  pivoted  between 
poles  of  a  horseshoe  perman 
magnet  is  magnetized  by  inducti 
(or  may  be  hard  steel  previo  - 
magnetized),  and  assumes  a  posit 
according  to  the  law’  that  unlike  o 
attract.  One  end  of  the  arma; 
projects  slightly  beyond  the  hor 


^je^^Z<UZ>U^e  RELAYS 

60  FREEPORT  ST.,  BOSTOH  22,  MASS. 
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Now  —  to  users  of  battery  charging  equipment  -  we  present  a  com¬ 
plete  line  of  Federal  battery  chargers,  of  wide  voltage  and  practically 
unlimited  current  range,  covering  every  need  and  purpose. 

And  -  to  the  manufacturer  requiring  battery  chargers  of  special  design 
-  we  offer  our  complete  Federal  design  and  manufacture  service,  geared 
to  handle  your  requirements  promptly. 

All  Federal  battery  charging  equipment  is  powered  by  long-life,  trouble- 
free  I.  T.  &  T.  Selenium  Rectifiers  -  accepted  as  standard  by  the 
electrical  industry. 

For  powering  production  lines  and  for  use  in  military  devices.  Federal 


also  manufactures  a  complete  series  of  general  purpose  power  supply 
equipment.  Consulting  Engineering  service  available.  For  descriptive 
bulletins  write  Department  H. 


SELENIUM  RECTIFIER  DIVISION 

Federal  Telephone  and  Radio  Corporation 


1M  Pissalc  An. 
Ust  Rewt'k.  I.‘i«  term 
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SPEED  UP 

PRODUCTION  TESTING 


with  no  sacrifice  in  ACCURACY 
—  even  with  unskilled  labor! 


ductlow  gives  Wheatstone  bridge 

precision  to  factory  circuit  testing  —  at 
the  amazing  rate  of  one  circuit  per 
second.  Yet  Rotobridge  measurements 
are  made  by  unskilled  operators  with¬ 
in  limits  set  up  by  the  engineer. 


NEW!  KHODEl  1001 
ESPECIALLY  DEVELOPED 
for  CABLE  TESTING 


Now  in  use  for 
rapid  checking  of 
multi-wire  cable 
harasses  in  air¬ 
craft,  .tanks, 
switchboards,  etc. 


All  tests  made  are  on  a  “pass"  or  “reject" 
basis,  completely  eliminating  the  human  ele¬ 
ment.  All  types  of  electronic  equipment  may 
be  checked  for  errors  in  resistance,  reactance, 
and  in  circuit  wiring.  Equipment  that  passes 
Rotobridge  is  all  set  to  pass  a  dynamic  test 
—  with  flying  colors. 


WRITE  TODAY  FOR 
ILLUSTRATED  BULLETINS 


COMMUNICATION  MEASUREMENTS  LABORATORY 


shoe  magnet,  and  the  other  end  h 
a  contact  which  will  line  up  with 
fixed  contact  when  the  armature 
rotated,  as  shown  in  the  diagram. 


Horseshoe 
permanent 
magnet 


_  ,  Moqrret 

Hjted 
I'oontact 


Contact  on 
'armature 


—..sc^idKProjectinq  ,  / 

armature 

actuat$ng  on 

e/errfent  point 


Construction  of  magnetic  control 
and  use  ior  automatic  weighing 


When  an  iron  object  or  small  pe 
m^nent  magnet  is  brought  near  t! 
projecting  end  of  the  armature,  t 
armature  tends  to  follow  the  obj 
just  as  a  compass  needle  follows 
iron  object.  Motion  of  the  actuatin 
element  in  the  proper  direction  w 
thus  close  the  contacts,  which  in  ti 
can  close  a  relay  circuit  or  perfor 
any  other  desired  electrical  functi 


Possible  Applications 


By  mounting  the  magnetic  swiui 
on  a  curved  slide  arm  above  th 
pointer  of  a  scale  and  placing  a  sui; 
able  piece  of  iron  on  the  end  of  tb 
pointer,  automatic  weighing  acti ; 
can  be  obtained  for  filling  container 
one  after  another.  The  switch  is  pr 
sitioned  so  the  projecting  armatur 


Experimental  model  of  magnetic  con' 
switch.  The  knob  rotates  a  wire  rod  he 
ing  at  its  end  a  piece  of  iron  siir.^ -- 
the  actuating  element  in  a  practical  api 
cation 


120  GREENWICH  STREH 


NEW  YORK 


is  at  the  desired  weight  value.  \Vr.  i 
the  scale  pointer  reaches  this  val 
it  will  actuate  the  switch  and  cl  -i 
the  relay  circuit,  initiating 
mechanism  which  stops  the  flow 
material. 

Other  applications  might  incl 
counting  of  freshly  painted  iron 
steel  objects  on  a  belt  conveyor, 
tection  of  iron  slugs  in  coin-opera’c 
machines,  automatic  levelling  of 
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DESIGNERS  OF  ELECTRONIC  EQUIPMENT 


simplifying  two  problems  FOR 


*  TAe  neet/  o/  our  ihaffi 
in  war  equipmenf  confines 
our  production  and  service 
to  war  work  until  Victory  is 


S.  S.  WHITE 

The  S.  S.  Wig^ffltal  Mfg;  Co. 

INDUSTR^PfOIVISION 

Dept.  E,  10  East  40tB“$treet  New  York  16.  N.  Y. 


Imagination  and  ingenuity  in  the  highest  degree 
are  needed  to  solve  many  of  the  new  and  complex 
problems  confronting  the  electronic  equipment 
designer. 


But  there  is  a  thoroughly  tried  and  proved  answer 
always  at  hand  to  two  mechanical  problems  which 
often  arise.  These  problems  are: 


(I)  Power  Trantmisiion  from  small  motors  to 
driven  parts,  or  from  one  driven  part  to 
another. 


(2)  Remote  Control  of  electrical  circuit  or  other 
elements  requiring  adjustments  or  manipula¬ 
tion. 


And  the  answer  to  these  two  problems,  in  many 
cases,  is  found  in  S.  S.  White  Flexible  Shafts.  It  is 
a  highly  satisfactory  answer  because  it  offers  these 
important  advantages. 


SIMPLICITY — It  takes  only  a  single,  easily  applied 
unit  to  catry  power  or  remote  control  between  any 
hto  points,  regardless  of  the  relative  positions  of 
the  two  points.  Thii  means  fewer  parts,  simplified 
assembly,  faster  production,  lower  costs. 


BETTER  DESIGNS— Because  a  flexible  shaft  re¬ 
moves  all  limitations  on  the  placing  of  driving 
and  driven  or  controlled  elements,  they  may  be 
located  wherever  desirable  to  satisfy  the  require¬ 


ments  of  electrical  circuit  efficiency,  space  condi¬ 
tions,  easy  assembly,  convenient  operation  and 
servicing. 


ECONOMY — In  addition  to  the  economy  of  sim¬ 
plicity,  the  fact  that  a  flexible  shaft  makes  accu¬ 
rate  alignment  of  connected  elements  unnecessary, 
adds  further  to  the  saving  in  manufacturing  costs. 


S.  S.  White  Flexible  Shafts  come  in  a  wide  range 
of  diameters  and  physical  characteristics — a  range 
that  will  meet  the  operating  requirements  of  prac¬ 
tically  any  application  in  the  electronic  field. 


CONSULT  S.  S.  WHITE  when  you  have  a  power 
drive  or  remote  control  problem.*  The  cooperation 
of  our  engineers  may  mean  a  quicker,  and  possibly 
a  more  effective,  solution. 


Flexible  Shaft  Data  For  Engineers 

BULLETIN  1238 


Flexible  Shafts  for  Power  Drives 


BULLETIN  38-42 


Flexible  Shafts  for  Remote  Controls 


BULLETIN  43 


End  Fittings  for  Shafts  and  Casings 
Copies  of  these  bulletins  will  be  mailed  on  re¬ 
quest.  Write  for  yours  today. 


vators  and  other  moving  objerts, 
monitoring  of  fuel  or  liquid  level 
from  the  outside  of  an  alumium  or 
plastic  tank  or  container,  and  initi¬ 
ation  of  any  other  action  which  is 
dependent  upon  motion  of  an  iron 
object  near  the  projecting  end  of  the 
armature. 


Eating  Marked  Atoms 

An  unusual  and  interesting  appli¬ 
cation  of  the  Geiger-Muller  counter 
is  reported  by  W.  T.  Pommerenke 
and  P.  F.  Hahn  in  The  Proceedings 
of  the  Society  for  Experimental  Bi¬ 
ology  and  medicine,  52,  p.  223-224 
1943.  Within  recent  years  there  has 
been  considerable  use  of  substances 
artificially  made  radioactive  to  trace 
labeled  particles  through  the  body. 
The  influence  on  the  breast-fed  child 
of  substances  imbided  by  the  lactat 
ing  mother  has  been  of  considerable! 
interest  to  physiologists  and  clini¬ 
cians,  as  well  as  providing  a  certain 
amount  of  discussion  for  bridge  club 
clinical  symposia.  It  has  been  shown 
that  nicotine  is  excreted  in  the  milk 
of  cigarette-smoking  mothers. 

By  the  use  of  radioactive  sodium 


Radio  and  Electrical  equipment  is  being  tested  in  Tenney 
units  by  leaders  throughout  the  country. 

Uncle  Sam’s  Inspectors  are  passing  it  after  exacting  tests 
with  words  of  highest  praise  to  the  Electrical  Engineers — 

“PERFORMANCE  SATISFACTORY’* 

Tenney  units  reproduce  any  atmospheric  condition  from 
the  ground  to  Stratosphere. 

Tenney  Engineering,  Inc.  equipment  is  used  by  the  Avia¬ 
tion  Industry  and  the  United  States  Government  for  all 
types  of  test. 

Stratosphere  Chambers  and  Rooms  to  60,000  feet. 

Humidity  Chambers  to  93%. 

Constant  and  Variable  Temperature  Baths  to  ±0.1°  F. 

Temperature  Cabinets  to  — 100°  F. 

Accurately  controlled  by  exterior  instruments. 


AMATEURS  DO  THEIR 
PART 


Many  of  the  50.000  radio  "hams"  in  this 
country  hore  offered  their  serrices  os 
radio  operators  for  the  Armed  Forces, 
hundreds  of  them  are  on  the  edr  as  toi 
unteer  members  of  the  Wor  Emergency 
Radio  SerTice.  Under  this  seryice  a  syr 
tern  of  short-waye  radio  communicatioc 
hos  been  made  ayailable  for  cirilian  de 
fense  use.  Mrs.  Joyce  Bonar,  is  shows 
tuning  a  WERS  troimmitter-receiTer  in  c 
ciwilian  defense  control  center  to  pick  up 
reports  of  walkie-talkie  sets  operating  oi 
the  scene  oi  an  incident 


Our  Engineering  staff  is  at  your  service 

lllusirated  and  descriptive  booklet  on  request 
For  Precision  Control,  write — 

TENNEY  ENGINEERING,  INC. 

Dept.  E-7,  8  Elm  Street  Montclair,  N.  J 

Telephone:  Montclair  2-5535 
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Type  PM 

(^'AF-I I3I)  Circuit  Breaker 


Type  B-3120 

Cry»tal  Detc  Point  Control 


Klixon  Controls 

are  snmll,  sensitive  and  Rugged 


Type  C~6363 
Siritch  Circuit  Breaker 


The  big  advantages  of  Klixon  Control 
can  be  traced  right  down  to  their  ac¬ 
tuating  element  .  .  .  the  Spencer  Ther¬ 
mostatic  Disc.  This  disc . . .  scientifically 
calibrated  . . .  does  the  work  of  far  more 
complicated  elements,  toggles,  relays, 
magnets  and  other  fussy  and  space  con¬ 
suming  parts.  And  being  snap-acting  in 
performance  provides  a  solid  make  or 
quick,  complete  break  which  cannot  be 
affected  by  vibration  or  shock. 

Whether  you  want  motor  and  trans¬ 
former  overheat  proteaion,  or  electrical 
circuit  overload  protection,  or  tempera¬ 
ture  control,  or  controls  for  radio  equip¬ 
ment,  specify  Klixon  Controls.  They 
are  the  smallest,  simplest,  surest,  and 
sturdiest  controls  you  can  find. 


Type  ER  Series 
Ambient  Compensated  Time 
Delayed  Relays 


Type  RT  Adjustable 
Crystal  Temp.  Oven  Control 


Type  C-435I  Series 
I'sed for  Tube  fParming 
Tube  Cooling,  and 
High  Lipiit  Controls 


Spenctr  Thermostat 
Company 


brew. 

S  TOl- 


Type  C-2B51  Series,  Used  as 
Roughing  Controls  on  Outer 
Crystal  Ovens 
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the  authors  have  determined  quanti¬ 
tatively  the  rate  of  excretion  in  the 
milk  of  substances  taken  orally  by 
lactating  women.  At  the  beginning 
of  each  experiment  the  selected 
breast  was  emptied  with  an  electi  ic 
pump.  Sixty-five  milligrams  of 
radioactive  sodium,  such  as  the  chlor¬ 
ide,  were  then  dissolved  in  orange 
juice  and  given  to  the  subject.  Sam¬ 
ples  were  pumped  from  the  breast  at 
frequent  intervals  and  the  radio¬ 
activity  of  the  milk  determined  by 
means  of  the  Geiger-Muller  counter. 
It  was  found  that  the  radioactive 
sodium  could  be  detected  in  the  milk 
within  twenty  minutes,  and  that  the 
peak  concentration  was  r^ched  in 
about  two  hours.  The  amount  then 
slowly  decreased,  in  some  cases  being 
detectable  after  ninety-six  hours.— 
W.E.G. 


...  AND 

COMMUNICATIONS 


Precision  Temperature 
Control  for  Electric  Furnaces 

Important  experimental  details  in¬ 
volved  in  successful  application  of 
A.  W.  Hull’s  photocell-thyratron  cir¬ 
cuit  (Gen.  Flee.  Rev.  32,  p.  394,  1938) 
to  precise  automatic  control  of  tem¬ 
perature  in  electric  furnaces  are 
given  by  C.  E.  Waring  and  G.  Robi- 
sion  in  the  May  1943  Review  of 
Scientific  Instruments. 

In  the  Hull  circuit,  a  platinum  re¬ 
sistance  thermometer  is  placed  in 
the  furnace  to  be  controlled  and 
used  as  one  arm  of  a'  Wheatstone 
bridge  having  a  mirror  galvanometer 
as  the  indicating  instrument.  The 
bridge  is  balanced  for  the  desired 


What’s  the  connection?  .  .  .  Just  this. 

.  .  .  playing  marbles,  goin’  fishin’,  sand-lot  ball  games, 
free  enterprise,  backyard  talks  with  the  neighbors,  Stmday 
rides  ...  are  ALL  a  part  of  the  American  way  of  living. 

We,  at  Harvey-Wells,  now  producing  military  communica¬ 
tions  equipment,  firmly  believe  in  the  American  way  of  liv¬ 
ing,  and  we  want  it  that  way — ALWAYS. 

We’ve  sent  our  brothers,  fathers  and  sons  out  to  fight  the 
barbarians.  They  have  put  cn  uniforms  and  gone  into  the 
dangers  of  war  to  defend  us. 

That’s  THEIR  sacrifice  .  .  .  and  WE  must  sacrifice  also 
,  .  .  to  help  them  achieve  the  Victory  that  will  ultimately 
mean  man’s  right  to  human  decency. 

It’s  our  call  to  arms  .  .  .  and  we’ll  answer  by  buying 
MORE  and  MORE  War  Bonds  and  Stamps  ...  to  put  all 
spare  dollars  straight  into  the  very  heart  of  this  tremendous 
undertaking  .  .  .  yes,  to  transform  those  crisp  greenbacks 
into  ammunition. 

It’s  your  fight  .  .  .  and  ours — morally  and  financially, 
and  we  MUST  get  the  goods  out  .  .  .  and  ON  TIME! 


SPECTROPHOTOMETER 


Watch  for  The  New  Series 

by  HARVEY-WELLS  .  .  . 

'Tablecloth  Communtcations' 


RVEY-WELLS 

(immunic/UUtU  inc. 


Photoelectric  recording  spectrophotom¬ 
eter  being  used  to  measure  color  of 
sample  of  yellow  paper.  The  spectropho- 
tometric  curve  is  being  drown  automati¬ 
cally  on  drum  at  left.  Originated  by  Di. 


HEADQUARTERS 

For  Specialized  Radio  Communications  Equipment 

SOUTHBRIDGE,  MASS. 


ELECTRONICS 


r 


ere  skilled  hands  reflect  the  high  standards  of  excellence  of  slater  products 


’JiiWl'JliiM  JCiJUliiC'JlJVUlii;  ivjljb'<bu  Brooklyn,  new  york 

^HUFACTUKIRS  or  PRICISION  tUCTROmC  TUBIS  and  INCANDISCINT  STRCET  UOHTING  LAMPS 
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I 


Still  another  exclusive  Millen 
"Designed  for  Application” 
product.  Easy  to  use,  easy  to 
install,  effective  in  function. 
Available  in  special  sizes  for 
all  types  of  tubes.  Single  hole 
mounting.  Spring  steel,  cad¬ 
mium  plated. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTOiY 

MALDEN 

MASSACHUSETTS 


temperature  and  the  light  beam  re¬ 
flected  from  the  galvanometer  mirror 
is  permitted  to  fall  on  a  phototube 
whose  internal  resistance  controls 
the  phase  of  the  grid  voltage  of  an 
FG-57  thyratron  with  respect  to  its 
plate  voltage.  When  balanced,  the 
beam  covers  most  of  the  active  sur¬ 
face  of  the  phototube.  When  the 
temperature  drifts,  the  bridge  goes 
off  balance,  and  either  more  or  less 
light  falls  on  the  phototube.  This 
causes  continuous  regulation  of  the 
power  passing  through  the  thyratron 
to  part  or  all  of  the  furnace  wind¬ 
ing,  thereby  giving  constant  tem¬ 
perature. 


Ught  source  Oa/n 

I - 

• -  ^1.  ^  mirror 

,  "  '  J  ^  _  Photo  h  tyheat- 

I  "  'tube  I  I  Slone 

J  I  Furnace  r~ — jdge 


^  'll  M  \  Platinum 

'' -resistance 

Furnace  winding —  —  thermometer 


Block  diagram  oi  origioal  circuit  d«T*l- 
oped  by  A.  W.  Hull  lor  controlling  high- 
temporature  fumocot 


The  paper  bridges  the  gap  be¬ 
tween  presentation  of  an  electronic 
circuit  and  actual  application  of  the 
circuit  by  the  average  scientist  or 
engineer,  by  describing  in  detail  the 
various  precautions  required  to  in¬ 
sure  satisfactory  operation.  It  tells 
which  photocell  gave  best  results, 
gives  construction  data  for  the 
platinum  resistance  thermometer, 
specifies  batteries  which  give  suffi¬ 
ciently  stable  voltages  for  the  pur¬ 
pose,  and  indicates  exactly  where 
Isolantite  insulation  is  required.  A 
step-by-step  procedure  for  making 
initial  tests  and  adjustments  is  fol¬ 
lowed  by  operating-  instructions  such 
as  would  be  found  in  a  factory  man¬ 
ual  of  a  commercial  product.  Im¬ 
portant  factors  affecting  precision 
over  long  operating  periods  are 
given. 

By  following  the  procedure  out¬ 
lined,  it  was  possible  to  hold  an  elec¬ 
tric  furnace  at  a  temperature  of  600 
deg.  C  automatically  for  a  one-hour 
period  with  maximum  deviation  of 
only  0.05  deg.  from  this  value.  One 
unit  maintained  this  temperature 
constant  to  within  3  deg.  without 
adjustment  for  a  period  of  eight 
weeks. 


110-VOLTS  A.  C 

ANYTIME.  ANYWHEBE  WITH 

KATOLIGHT 

GENEBATORS  AND  POWER  PLANTS 


Furniih  same  kind  oi  current  as  City 
power  lines  permitting  emergency 
hook-ups  right  out  in  the  field  icr 
operating  repair  equipment  such  C3 
drills,  grinders,  saws,  etc.,  for  making 
on  the  spot  repairs;  transmitters  £ 
receivers;  portable  X-Ray  equipment. 

Good  deliveries  on  A.C.  generators  300 
through  15,000  watts.  Available  oil 
standard  voltages.  Good  voltage  regu¬ 
lation. 


Koto's  entire  production  at  present  must 
be  confined  to  orders  with  high  priori¬ 
ties. 


4lse  sMsefeeferert  of  a  cese 
pfefe  lie* *  of  rotary  coovorf- 
ort  ood  cmmplete  power  ptoots. 


KATO  ENGINEERING  CO. 

530  Front  St.  Mankato,  M!m. 


hove  yo« 
sent  for 
your  SHUIIi 
REACTANCi 
SLIDE  RULE? 


Thousands  or  eni 
neers  and  technin-s 
find  the  Shure  Res 
tance  Slide  Rule  hs!; 
ful  in  radio  conipu'! 
tions.  Simplifies  pet 
lems  in  resonant  frt 
quencies,  circuits 
inductances,  condr 
sers.  Range  5  cycle 
per  sec.  to  10.39 
megacycles.  Complct 
with  instructioc’. 

Send  10c  in  coin ; 
cover  handling. 


SHURE  BROTHERS 
aaS  W.  Horen  St.,  Cklceio 

Dopt.  174  M  _ _  _ 


Designers  and  Manu¬ 
facturers  of  Microphones 
and  Acoustic  Devices 


July  i943  — ELECTRON! 


r 


in  seve 


These  are  Sickles  products  —  coils  and  condensers  — 
as  precise  and  clean-cut  as  a  Swiss  watch,  as  handsome  as  Florentine  silver, 
and  as  scarce,  for  non-military  purposes,  as  rubies  .  .  .  though  our  production  is  up 
in  several  departments  some  400%  over  that  of  pre-war  days.  They’re  jewels  as  performers,  too 
as  you  might  well  judge  by  our  recently-won  Army-Navy  ”E.” 

Superior  Sickles  specialties  of  this  same  high  quality  will  be  available 
for  general  use  as  soon  as  Victory  is  won.  Meanwhile,  please  bear  us  in  mind. 

The  F.  W.  Sickles  Company,  Chicopee,  Massachusetts. 
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V-H-F  Receiver 

{Continued  from  page  97) 


when  we  plot  the  shape  of  a  high- 
frequency  oscillator  curve,  and  ex¬ 
amine  the  peak,  we  find  that  in  terms 
of  the  10  kc  unit  of  drift  we  may 
want  to  establish  as  a  desirable 
maximum  the  peak  is  practically  fiat 
at  the  top. 

Figure  1  shows  the  poor  frequency 
discrimination  afforded  by  a  100-Q 
circuit  at  160  Me.  The  curve  is  175 
kc  wide  only  1  percent  down. 

Voltage  Stability 

In  the  past  it  has  been  assumed 
that  the  higher  the  Q  the  higher  the 
voltage  stability  of  the  oscillator. 
After  full  investigation  of  this  point 
the  writer  is  convinced  that  there  is 
no  such  direct  relationship.  It  is 
true,  merely,  that  the  higher  the  Q 
the  larger  tuning  capacitor  you  can 
use  to  swamp  out  tube  capacitance 
with  its  host  of  variables.  This  is 
not  quite  the  same  thing.  Also,  in  a 
distributed  type  of  circuit  such  as 
a  parallel  line  you  can  slide  the  tube 
down  the  circuit  so  that  it  is  across 
just  a  small  portion  of  the  line  and 
still  obtain  enough  impqdance  at  this 
point  to  load  the  tube  up  nicely. 

Strlkiiig  Veltag* 

Figure  2  brings  out  one  practical 
aspect  of  this  effect.  It  may  be  said 
of  any  oscillator  that  if  the  phase- 
angles,  impedances  and  Q  are  all 
good  the  oscillator  will  “strike”,  or 
start  to  oscillate,  at  a  very  low  plate 
voltage  if  the  tube  has  very  small 
G*.  Curve  A  is  that  of  an  average 
type  955  acorn  triode  in  a  400-Q 
circuit,  using  a  tuning  capacitor  of 
15  /ijuf  in  a  concentrated  tank  circuit 
It  strikes  at  8  v  on  the  plate  and  the 
frequency  changes  rapidly  as  the 
voltage  increases.  At  100  v  it  is 
nicely  flattened  off.  Curve  B  is  the 
same  type  circuit  with  the  60-fi/if 
tuning  Capacitor,  with  a  similar  coil 
reduced  in  inductance  to  allow  oscil¬ 
lation  at  the  same  frequency  as  that 
of  the  oscillator  in  curve  A.  In  this 
case  it  will  be  seen  that  the  plate 
voltage  must  increase  to  50  v  to 
cause  the  oscillator  to  strike. 

It  will  be  noted  that  at  100  v  curve 
B  is  still  quite  steep  and  shows  little 
tendency  to  flatten  off. 


Operational  Condition 
#  Test  Equipment 


Army,  navy,  air  corps,  and  C.  A.  A.  specifications  for  Electronic 
products  as  well  as  instruments  and  their  component  parts  require  opera¬ 
tional  condition  testing — cold,  heat,  dust,  humidity,  salt  spray. 

Whether  for  development  work  or  for  production  testing  calibration, 
Northern  Engineering  Laboratories  can  supply  you  quickly  with  stand¬ 
ard  or  custom  built  test  chambers  which  will  provide  all  of  the  atmospheric 
conditions  your  specifications  require. 

Model  NEL135-43  is  typical  in  performance  — 100°F  to  4-160“F; 
20%  to  95%  R.H.  in  the  physical  range;  altitude  simulation  from  sea 
level  to  80,000  feet.  Hg.  absolute).  The  graphs  below  show  actual 

flight  simulation  curves  of  performance  of  the  unit  pictured  above. 


MINUTIS  MINUTES 

Rugged  construction — complete  shock  and  vibration  isolation — 
Electronic  indicator  controller — full  view  observation  window — ^fully 
automatic  operation — high  and  low  frequency  electric  connections  from 
instrument  panel  to  chamber  interior — temperature  controlled  to  plus  or 
minus  0.2®  F  of  selected  temperature — fully  mechanical  refrigeration 
with  complete  refrigeration  control — Freon  22  refrigerant — feature  this 
laboratory  instrument. 

For  full  information  and  details  send  for  Bulletin  #22. 
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FLEXIBLE  SHAFTING 


FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


/fi  all  the^same  to 


S  plane,  tank,  ship  and  many  other  weapons 
war,  Walker-Turner  Flexible  Shafting  is  in 
ore  pitching.  And  it  never  goes  to  pieces  in  the 
nrhes,  either.  For  transmission  of  power  in  small 
Oi  'O  i.iis  and  for  remote  control  between  two  points 
♦  line  or  out  of  line,  this  flexible  shafting  has  shown 
itself  to  be  the  logical  answer  to  many  difficult 
problems. 


The  design  of  Walker-Turner  •  Flexible  Shafting  is 
based  on  the  construction  and  use  of  thousands  of 
Walker-Turner  Flexible  Shaft  Machines  in  a  wide 
variety  of  industries  throughout  the  country.  In 
addition,  we  have  worked  out  special  problems  in 
power  transmission  and  remote  control  for  many 
products  made  by  other  manufacturers.  Perhaps 
we  can  help  you,  too.  Ask  us. 


WALKER-TURNER  COMPANY,  INC.  1473  BERCKMAN  STREET.  PLAINFIELD,  N.  J. 


‘  TROMCS 


At  zero  plate  voltage  an  oacilLitoi 
tube  has  zero  G«  and  almost  infi  liti 
plate  impedance.  As  we  grad i  alb 
apply  plate  voltage  the  mutual  ;o& 
ductance  increases  and  at  the 
time  the  plate  impedance  decre;  ses 
At  8  V  the  is  very  small  and  th 
plate  impedance  very  high.  Yet  thi 
tube  in  curve  A  strikes.  As  we  con 
tinue  to  increase  the  plate  volu® 
we  change  both  these  parameters  b 
a  large  factor.  We  bring  the  tub 
plate  impedance  down  to  a  \alu 
which  is  a  very  good  match  to  th 
dynamic  impedance  of  the  tuned  cir 
cuit  and  increase  the  G«  to  a  muci 
higher  value  than  at  8  v.  Thus  a 


EDITORIAL 

REPRINTS 


NEW  WORLD  OF  ELECTRONICS.  .  .  Reprints  ol 

this  symposium  irom  the  March  1943  issue  contain 
articles  on  the  application  of  electronics  to  telephone, 
telegraph,  radio  and  military  communications;  applica¬ 
tions  oi  electronics  to  welding  control,  induction  heating, 
iacsimile  and  photograph  transmission,  television,  motor 
controL  geophysical  prospecting,  industrial  control 
problems,  research,  medicine  etc.,  etc. 

This  100-page  book  is  useful  for  executives  and  engi¬ 
neers  wishing  to  know  what  electronics  offers  American 
industry  in  speeding  up  war  production  and  as  a 
profitable  post-war  bu^ess.  Each  article  is  by  an 
expert. 

Prices,  1  to  50  copies,  $1.00  each;  50  to  100  copies.  85 
cents  each;  100  copies  and  more,  75  cents  each. 


Other  Effects 

An  interesting  variation  in  voUag 
stability  will  be  noted  in  variab! 
capacitor-tuned  oscillators.  At  lo 
frequencies  we  normally  expect  thi 
the  oscillator  will  be  most  stable  wit 
the  tuning  capacitor  set  at  maximui 
capacitance  value.  In  the  very  hig 
frequency  region  under  digeus'i 
the  maximum  voltage  stability  wi 
usually  occur  somewhere  around  d 
mid-capacitance  value,  since  at  lo 
capacitance  values  the  tube  will  t 
the  larger  part  of  the  tuned  cinii 
and  will  contribute  its  variable  pan 
while  at  the  maxirnu: 


■  TECHNIQUES  .  .  .  Last  coll  for  this  64-page  book 
on  the  new  science  of  ultrohigh  frequencies.  Widely 
used  by  Sgnol  Corps,  U.  S.  Air  Corps,  U.  S.  Navy  and 
pre-service  schools.  Individual  articles  are  "Electrical 
Concepts  at  Extremely  High  Frequencies."  "Radiating 
Systems  and  Wave  Propagation,"  "Generators  for  U-H-F 
Waves,"  "U-H-F  Reception  and  Receivers."  "Wide  Band 
Amplifiers  and  Frequency  Multiplication,"  "Measure¬ 
ments  in  the  U-H-F  Spectrum,"  "Applications  of  Cathode- 
Ray  Tubes,"  "Wove  Form  Circuits  for  Cathode-Ray 
Tubes." 

This  is  a  final  reprinting;  paper  scarcity  mokes  im¬ 
possible  any  further  restocking.  Price  50  cents  each  for 
single  copies  or  35  cents  each  for  26  or  more. 


meters, 

value  of  the  tuning  capacitor  ti 
tube  capacity  will  be  swamped  b; 
the  dynamic  impedance  will  be  ! 
low  that  the  striking  voltage  will  1 
excessive,  with  resultant  instabilit; 

This  effect  frequently  limits  t! 
tuning  range  in  a 


ABBREVIATED  EDITION 


A  shortened  edition  oi 
the  UHF  Technique  symposium  containing  the  articles 
"Electrical  Concepts  at  Extremely  High  Frequencies." 
"Applicotions  of  Cathode-Ray  Tubes,"  and  "Wave 
Form  Circuits  for  Cathode-Ray  Tubes"  is  available  at 
25  cents  each. 


'disciplined”  r 
ceiver  designed  for  very  high  fr 
quency  operation  and  is  brought  oi 
in  Fig.  3,  wherein  the  ordinate  r? 
resents  the  voltage  instability  i 
terms  of  kc  change  in  frequency  f 
a  given  change  in  supply  voltage  ai 
the  abscissa  represents  the  L/C  ra: 
expressed  in  terms  of  the  tuning  u 
pacitor  value.  That  is,  the  oscillac 
frequency  in  this  case  was  held  cc 
stant  at  150  Me  by  reducing  the  i 
ductance  as  the  tuning  capacis 
value  was  increased  and  vice-ven 
It  will  be  noted  that  the  maxiini 
stability  occurred  in  the  neit^hbi 
hood  of  25  fxfii. 

The  designer  can,  by  taking  i 
vantage  of  the  above  mention 
points,  go  far  toward  main’enai 
of  secular  stability. 


ELECTRONICS  EDITORIAL  DEPARTMENT 
330  Wait  42  8t..  New  York.  N.  Y. 


copies  New  World  of  Electronics 
copies  UHF  Techniques 
copies  UHF  Technique  Abbreyiated  Edition 
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Transformers 
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In  Active  Service 
Over  the  Entire  Globe 


DINION  COIL  COMPANY 


Audio  Analyzer 

(Continued  from  page  103) 


Talk  to  any  Point  in  your  Plant 

...IN  A  SPLIT-SECOND! 


The  chief  value  of  this  recording 
type  analyzer  in  the  field  of  sour 
and  vibration  analysis  lies  in  tr 
fact  that  a  complete  chart  sho  vir 
the  intensity  at  each  frequency  ca 
be  obtained  in  only  two  minute 
This  chart  shows  at  a  glance  t: 
predominant  frequencies,  and  kniu 
ing  these,  an  engineer*  can  general 
make  quick  calculations  to  detei  rni; 
which  parts  could  have  such  resona 
values.  Adjustments  can  then 
made  and  new  charts  run  off  ui 
a  combination  of  conditions  is  fou: 
which  gives  minimum  peak  arm 
tudes  and  hence  minimum  noise, 
the  nature  of  the  test  permits,  • 
analyzer  can  be  set  to  each  peak  fr 
quency  in  turn  while  the  meter 
connected  in  place  of  the  recordf 
and  adjustments  made  on  the  noi^ 
producing  equipment  to  elimin; 
individual  peaks. 


ExMutiv« 


ALLIED 

INTCRCOMMUNICAnON  sYsnms 

Speed  communication  between  departments  .  .  . 
remove  traffic  from  your  switchboard!  The  new  10- 
Station  "SUPER-CHIEF'*  illustrated  handles  up  to 
5  separate  2-way  conversations.  New  features  in¬ 
clude:  Private  Multi-Station  Conference — Call  Wait¬ 
ing  and  Busy  Signal  Lights—No  Eavesdropping — 
Privacy  Earphone — High  Power.  Available  with  any 
number  of  stations. 

★  Other  versatile  low-cost  Allied  Intercom 
^  Systems  for  War  and  Industry.  Easily  installed 
B  and  operated.  Our  veteran  staff  can  help  you. 
■  Send  for  literature  and  full  details. 

7  Write,  wire  or  phone  Haymarket  6800. 

'  ALLIED  RADIO  CORP. 

833  W.  Jackson  Blvd.,  Dopl.  24-G-3,  Chicago 


Foctory  I 


COMPLETE  CENTRALIZED  SERVICE 
On  Electronic  ond  Radio  Needs 


Simplify  your  procurement  .  .  . 

speed  delivery  . . .  get  everything 

in  Electronics  and  Radio  from 

this  one  dependable,  central 

source.  Over  1 0.000  ^ 

electronic  parts... 

all  famous  brands 

...for  the  Armed 

Forces  and  for 

Industry. 


^FREEtN 

NEW 

Molt  Compfoti 
UoloDato  1943 
BUYING 
^  GUHX  A 


IndNstrial  Applications 

In  one  instance,  engineers  wi; 
using  the  analyzer  to  check  the  ti( ; 
produced  by  a  vacuum  cleaner.  T; 
resulting  chart  indicated  a  pred : 
inant  noise  frequency  which  was  a 
most  instantly  identified  as  bt;. 
produced  by  the  fan  blade. 

When  used  on  the  French  lir. 
Normandie  some  time  ago,  the  a 
alyzer  pointed  to  the  propellers : 
a  major  cause  of  the  severe  vil? 
tion  experienced  during  early  n;r 
A  change  of  propellers  mateiii 
reduced  the  vibration,  confirming : 
results  obtained  with  the  instrurikr 

Many  recording  audio  analyzir 
have  been  ordered  by  governrrn 
agencies  for  military  purposes.  H 
duction  of  noise  in  marine  enL'i: 
of  surface  vessels  to  minirr’ 
chances  for  detection  by  submarir.t 
and  in  submarines  to  prevent  dit 
tion  by  enemy  ships  with  listtrd: 
apparatus,  are  just  a  few  imporia 
military  applications. — J.M. 
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tern  Tech.  Jrl.,  p.  121,  14,  Jan.  lOS."*. 


210 


July  194.?  — ELECTRONK 


j 


**1 


f; 


LETS  POOL  OUR  KNOWLEDGE 


WORKING  with  eleatonic  engineers  in 
scores  of  industries  has  taught  us  a  lot 
about  electronic  science — what  it  is  doing  to  increase 
the  effectiveness  of  our  tools  of  war — how  it  is  speed¬ 
ing  up  war  production — about  the  miracles  it  promises 
for  our  postwar  world. 

We  have  learned,  for  example,  how  much  this 
"new-old”  science  depends  on  the  right  electrical  con¬ 
trols — the  important  part  that  relays,  stepping  switches, 
solenoids  and  other  control  devices  play  in  putting  elec¬ 
trons  to  work. 

And  that’s  our  strong  point.  We  know  electrical 
control  because  that  has  been  our  sole  business  for  over 
fifty  years.  So  why  not  pool  our  resources?  Let’s  apply 
our  experience  in  electrical  control  to  your  problems 
in  making  electronic  developments  do  a  better  job  at 
lower  cost. 


First  step  in  this  direction  is  to  make  sure  you 
have  the  Automatic  Electric  catalog  of  control  appa¬ 
ratus.  TTien,  if  you  need  help  on  any  specific  electronic 
problem,  call  in  our  field  engineer.  Behind  him  are 
Automatic  Electric’s  fifty  years  of  experience  in  control 
engineering.  His  recommendations  may 
save  you  time  and  money. 

AUTOMATIC  ELECTRIC  SALES  CORPORATION 

1033  W.  Van  Buren  St.  Chicago 

In  Canada:  Canadian  Talaphonas  &  Supplias  Limittd,  Toronto 


AND  OTHER  C  C^N  TROL  DEVICES 

AUTOMATIC 
ELECTRIC 
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was  the  birth  of  radar.  Their  imag¬ 
inative,  searching  preliminary  sug¬ 
gestion  marked  its  first  possible  mil¬ 
itary  application. 

As  announced  in  the  joint  Army- 
Navy  press  release  of  April  25,  1943 
(given  on  p.  274,  June  1943  Elec¬ 
tronics),  the  term  “radar”  means 
radio-detecting-and-ranging. 


NEWS  OF  THE  INDUSTRY 


Early  history  of  radar;  future  of  elec¬ 
tronics;  IRE  news;  new  commercial  com¬ 
munications  agency;  Wall  St.  looks  at 
electronics ;  college  courses  in  elec¬ 
tronics  ;  WPB  news ;  radio  business 
news ;  personnel  changes ;  E  awards 


Research  Begins 

Dr.  Taylor  and  Mr.  Young  have 
been  connected  intimately  with  the 
development  of  radar  ever  since 
those  fateful  days  in  September, 
The  transmitter  automatically  grinds  1922.  For  like  most  discoveries  which 
.  ..  1  on  the  interna-  shape  the  path  of  mankind,  as  has 

tional  distress  frequency  of  500  kc  radar  in  the  present  war,  the  chrono- 
when  the  power-generating  crank  is  logical  development  of  radar  is 
operated.  mainly  the  story  of  unceasing  hu- 

Wavemeters  built  by  Philco  for  endeavor.  Their  early  equip- 

calibration  of  Army  and  Navy  radio 
transmitters  contain  a  self-compen¬ 
sating  device,  thermostatically  oper- 

changes  ^ 
the  effective  length  of  the  wire  the 
tuning  coil  as  temperature  varies. 

E.  O.  Thompson  and  David  Sunstein, 
of  the  Philco  Engineering  Dept,  and 
Factory  Organization  respectively, 
were  officially  by  WPB  for  this 
wavemeter 


Recent  Developments  in 

Military  Radio  Communication  signal 

One  potent  weapon  in  the  continu¬ 
ous  propaganda  battle  raging  over 
the  air  waves  is  “blind  broadcasting” 
of  news  photographs  by  short-wave 
stations,  for  reception  by  anyone 
with  the  necessary  receiving  equip¬ 
ment.  The  OWI  now  leases  2i  hours 
of  short-wave  radio  time  daily  for 
four  news  picture  broadcasts,  to 
Northern  Europe  from  Sweden  to 
Bombay,  to  Central  Europe  from 
London  to  Cairo,  to  North  Africa, 
and  to  Central  and  South  America. 

Previously,  photographs  moved  only 
over  controlled  circuits  of  established 
commercial  radio  channels,  and  trans¬ 
mission  did  not  begin  until  code  con-  Navy’s  History  of  Radar 
tact  had  been  made  with  the  receiv¬ 
ing  operator. 

Six  super-power  radio  stations  op¬ 
erated  by  the  Civil  Aeronautics  Ad¬ 
ministration  provide  direct  communi¬ 
cation  with  a  plane  in  flight  anywhere 

on  the  globe,  according  to  William  Reflection  of  Signals  is  Noticed 
Burden,  Special  Aviation  Assistant 

to  the  Secretary  of  Commerce.  This  mid-September  1922  two  re¬ 

means  that  passengers  in  post-war  search  scientists  Dr.  A.  Hoyt  Taylor 
airliners  can  talk  to  the  folks  back  Young  working  in  the 

home  even  though  flying  over  China,  Naval  Aircraft  Radio  Laboratory 
the  North  Pole  or  any  other  remote  Anacostia,  D.  C.,  observed  that  cer- 
portion  of  the  globe.  radio  signals  were  reflected  from 

Units  of  the  Army  Air  Forces,  steel  buildings  and  metal  objects, 
maintaining  24-hour  vigil  atop  moun-  They  also  observed  that  ships  pass- 
tain  peaks  of  India,  are  using  radio  ^  transmitter  and  receiver  at 

and  undoubtedly  also  radar  to  notify  such  frequencies  gave  a  definite  in- 
American  air  bases  of  the  approach  terference  pattern.  These  observa- 
of  Jap  planes.  tions  gave  rise  to  the  suggestion 

Kite  string  made  from  continuous  that: 
filaments  of  glass  wound  with  fine  "Possibly  an  arrangement  could  be 
copper  wire  is  used  with  a  box  kite  whereby  destroyers  lo- 

to  carry  aloft  the  antenna  of  the  apart  could  be  immediately  aware  of 

emergency  radio  transmitter  devel-  the  passage  of  an  enemy  vessel  fee- 

oped  by  the  Army  Air  Forces  for  its  tween  any  two  destroyers  in  the  line, 

life  rafts.  The  yarn  has  great  irrespective  of  fog,  darkness  or 

strength  in  proportion  to  its  weight,  f<^oke  screen. 

and  is  not  weakened  by  salt  water.  The  discovery  by  Dr.  Taylor  and 

tropic  sunlight,  rain  or  dampness.  Mr.  Young,  more  than  20  years  ago. 


Editor's  Note  :  The  second  Navy  press  release 
on  radar,  issued  May  2.1.  1943.  is  a  testi¬ 
monial  to  the  perseverance  of  the  men  and 
manufacturers  who  successfully  bridged  the 
gap  betWH-en  observance  of  a  phenomenon  and 
practical  development  into  the  outstanding 
scientific  contribution  to  the  war  effort.  The 
release  is  given  here  Just  as  released  by  the 
Navy,  because  of  its  reference  value. 
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THE  SKILL  oW  THE  WILL 

.  .  .  todcu^  Qyfult  iamo^i^uuu 


^^nly  one  American  in  many  thousands 
is  privileged  to  wear  the  *‘E”  pin,  symbolic 
of  high  achievement  on  the  production 
front.  It  symbolizes  skill  and  determina¬ 
tion  above  and  beyond  the  high  average 
standard  set  by  American  Industry.  *  *  *  The 
men  and  women  of  Connecticut  Telephone 
&  Electric  Division  have  been  honored  by 
the  Army-Navy  Production  Award  twice 
in  a  period  of  six  months.  This  symbol 


of  a  job  being  well  done  in  the  cause  of 
Victory  is  evidence,  too,  of  what  may  be 
expected  when  the  war  is  won.  *  *  *  The 
manufacturer  seeking  cooperation  in 
product  engineering  and  improvement, 
the  development  of  production  co'vtrol,  or 
any  problem  involving  the  application  of 
advanced  electrical  or  electronic  knowl¬ 
edge,  is  cordially  invited  to  discuss  the 
matter  with  our  engineering  staff. 


CONNECTICUT  TELEPHONE  &  ELECTRIC  DIVISION 


MERIDEN 


HAT 

CONN. 


'  1943  G.AJ.,  Ine.,  Meriden.  Conn. 


DESIGN,  ENGINEERING  &  PRODUCTION 
-OF  PRECISION  ELECTRICAL.  EOUIPMENT 


riRONICS  — July  1943 


213 


y^eed  WorkinqTools 

7^\eciSu*fi  L^pehaiiiHU 

New  ind  Old  Workers  find  SPINTITE  the 
fastest  wrench  for  speedy  assembly  of  small 
parts. 
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Square  S  <kcrt  available  on  special 

SPINTITE  works  like  a  screw  driver 
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STEVENS  WALDEN,  INC 


WORCESTER.  MASSACHUSETTS,  U.  S.  A. 


ment  difficulties  were  almost  unbe¬ 
lievable,  but  the  continuing  faith  of 
Dr.  Taylor  and  Mr.  Young  enabled 
them  to  drive  forward  their  devel¬ 
opment  to  a  degree  whereby  radar 
has  changed  markedly  the  tactical 
science  of  modern  warfare. 

Dr.  Taylor  is  now  Superintendent 
of  the  Radio  Division  of  the  Naval 
Research  Laboratory.  Mr.  Young  is 
now  Assistant  Superintendent  of  the 
same  Division. 

On  September  27, 1922,  a  report  on 
Dr.  Taylor  and  Mr.  Young’s  initial 
findings  and  their  suggested  impli¬ 
cations  was  forwarded  to  the  Bureau 
of  Engineering,  Navy  Department, 
Washington,  D.  C. 

Despite  the  pressure  of  their  other 
work  and  the  discouraging  factors 
which  face  the  pursual  of  most  re¬ 
search  work,  Dr.  Taylor  and  Mr. 
Young  continued  their  trail.  Be¬ 
tween  1925  and  1930  the  reflection 
phenomena  observed  in  1922  was  used 
to  measure  the  height  of  the  Ken- 
nelly-Heaviside  layer,  an  atmospheric 
formation  which  acts  as  a  reflector 
for  certain  beams.  Dr.  Taylor  and 
Mr.  Young  did  this  work  in  conjunc¬ 
tion  with  Dr.  Gregory  Breit  and  Dr. 
Merle  A.  Tuve,  of  the  Carnegie  In-  ] 
stitute.  Their  associates  during  this 
period  included  Mr.  L.  A.  Gebhard 
j  and  Mr.  M.  H.  Schrenck. 

During  this  period.  Dr.  Taylor  and 
I  Mr.  Young  also  measured  the  time 
j  required  for  radio  signals  to  go 
I  around  the  world  by  reflection  from 
I  the  Kennelly-Heaviside  layer.  For 
this  purpose  extremely  brief  radio 
signals  were  employed,  and  appa- 
I  ratus  was  designed  to  both  transmit 
I  and  receive  such  brief  signals.  Mr. 
j  L.  A.  Hyland,  now  with  the  Bendix 
I  Corporation,  was  one  of  Dr.  Taylor’s 
i  associates  during  this  early  work, 
j  On  June  24,  1930,  Mr.  Hyland, 

I  working  under  Dr.  Taylor,  observed 
I  that  aircraft  crossing  a  line  between 
I  a  transmitter  and  receiver  operating 
directionally  gave  an  interference 
j  pattern  clearly  indicating  the  pres- 
I  ence  of  such  aircraft. 

I 

I  Dr.  Taylor  Makes  Detailed  Report 

On  November  5,  1930,  the  Director 
j  of  the  Naval  Research  Laboratory 
i  submitted  to  the  Chief  of  the  Bureau 
'  of  Engineering,  Navy  Department, 

'  a  detailed  report,  prepared  by  Dr. 

I  Taylor,  on  “radio-echo  signals  from 
moving  objects.”  This  report  sum¬ 
marized  all  observations  made  prior 
to  that  date,  presented  the  theory 
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^  Elsctronic  designars  are 
solving  intricate  installation 
problems  by  specifying 
IN-RES-CO  resistors  wher¬ 
ever  mounting  presents  un¬ 
usual  obstacles.  The  wide 
range  of  IN-RES-CO  resis¬ 
tors,  multipliers,  meter  shunts, 
chokes,  etc.,  permit  extreme 
latitude  in  the  selection  of  a 
special  application-designed 
product  to  efRciently  meet 
your  requirements.  Check 
the  electrical  and  mechani¬ 
cal  features  of  IN-RES-CO 
units  today;  literature  on 
request. 

TYPE  ALN  (at  left),  2  Watt. 
Non-inductive,  Standard  toler¬ 
ance  3%,  Maximum  raiiitanca 
25,000  ohmi,  Sixe  7/U"  diam.  x 
I"  long. 

TYPE  BL  (canter),  i  Watt,  In¬ 
ductively  wound  Standard  tol¬ 
erance  3%,  Maximum  resistance 
150,000  ohms,  Sixe  7/U"  diam.  x 
I'/x". 

TYPE  BC  (at  right),  10  Watt,  In¬ 
ductively  wound.  Standard  tol¬ 
erance  3%,  Maximum  resist¬ 
ance  M,000  ohms,  Sixe 
7/U"  X  I'/i"  long. 
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underlying  the  observed  phenomena 
and  concluded  with  the  recommenda¬ 
tion  that  the  investigation  be  con¬ 
tinued  and  intensified. 

Dr.  Taylor’s  report  having  been 
Ithoroughly  studied,  the  Radio  Divi¬ 
sion  of  the  Bureau  of  Engineering 
an  January  19,  1931,  assigned  the 
[Naval  Research  Laboratory  the  fol¬ 
lowing  problem: 

Investigate  use  of  radio  to  detect 
the  presence  of  enemy  vessels  and 
aircraft.  Special  emphasis  is  placed 
on  the  confidential  nature  of  this 
problem.’* 

On  October  21,  1931,  Captain  Har¬ 
old  G.  Brown,  U.S.N.,  then  Assistant 
Ito  the  Chief  of  the  Bureau  of  En¬ 
gineering,  (now  Rear  Admiral,  Spe- 
:ial  Assistant  to  the  Under  Secre- 
jlary  of  the  Navy),  forwarded  for 
comment  and  consideration  to  the 
^’aval  Research  Laboratory  certain 
^adio  proposals  of  Lieutenant  (now 
Pftmmander)  Joseph  N.  Wenger, 
J.S.N.  Two  weeks  later,  on  Decem- 
iier  20,  1931,  Dr.  Taylor  replied  that 
|tll  of  Lieutenant  Wenger!s  proposals 
lad  already  been  demonstrated  in 
previous  work  at  the  Naval  Research 
iboratory  to  have  practical  pos- 
iihilities,  and  again  Dr.  Taylor 
[^commended  that  this  research  be 
^iven  a  high  priority. 

Meanwhile  the  theory  of  reflection 

Irom  moving  objects  had  been  con- 
rrned  by  experiments  conducted  in 
ooperation  with  the  dirigible 
(kron. 

i’or  Department  Gets  First  Report 

At  this  stage  in  radar’s  develop- 
lent  the  Navy’s  findings  were 
brought  to  the  attention  of  the  War 
[lepartment.  On  January  9,  1932,  the 
riftary  of  the  Navy  wrote  the 
ir.'tary  of  War  describing  the 
^ork  carried  on  at  the  Naval  Re- 
part  h  Laboratory.  This  letter  con¬ 
fined  the  following  suggestion: 

’’Certain  phases  of  the  problem  ap¬ 
pear  to  be  of  more  concern  to  the 
Army  than  to  the  Navy.  For  exam¬ 
ple  a  system  of  transmitters  and 
loasociated  receivers  might  be  set  up 
\abont  a  defense  area  to  test  its  effec¬ 
tiveness  in  detecting  the  passage  of 
hostile  aircraft  into  the  area.  Such  a 
development  might  be  carried  for¬ 
ward  more  appropriately  and  expedi¬ 
tiously  by  the  Army  than  by  the 
Xavy.” 

A  copy  of  Dr.  Taylor’s  report  of 
ovtmber  5,  1930,  was  enclosed  with 
[e  Secretary’s  letter,  and  the  War 
PH  trnent  was  offered  the  assis- 
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The  advantage  of 
A  Single  Source  of  Supply 


CURTISS-WRIGHT  CORP.  -  PROPELLER  DIV.  PHOTO 


★  The  facilities  of  The  II.  A.  Wilson  Company  enable  r.:a..uracturlng  cus¬ 
tomers  to  secure  both  electrical  contacts  and  thermostatic  bimetals  from  a 
single  and  dependable  source.  This  is  important,  for  materials  from  these 
two  groups  are  frequently  used  in  conjunction,  as  parts  in  the  rame  device. 

★  War  stresses  the  vital  importance  of  |)erfecled  team  play;  and  WiLCO 
Electrical  Contacts  and  TiiermometaLj  ( .her mortal ic  bimetals)  are  now 
functioning  with  flawless  coordination  in  various  plane,  tank,  gun  and  ship 
applications.  They  also  function  separately  or  together  in  various  instruments 
of  the  Army  and  Navy. 

ILCO  Products  Are:  Contacts  —  Silver.  Platinum.  Tungsten,  Alloys, 
Powder  Metal.  Thermostatic  Metal — High  and  Low  Temperature  with 
Electrical  Resistance  from  24  to  530  ohms  per  sq.  mil,-ft.  Precious  Metal 
Collector  Rings — For  rotating  controls.  Jacketed  ff  ire — Silver  on  Steel, 
Copper,  Invar,  or  other  combinations  requested. 


★  Vt’iLCO  sales  and  engineering  representatives  are 
familiar  with  both  Kleetrical  Contact  and  Ther¬ 
mometal  application.  Send  us  your  problems  for 
analysis  or  write  for  a  copy  of  the  new  WiLCo  Blue 
Book  of  Thermometals  and  Electrical  Contacts. 

The  H.  a.  Wilson  Company 

105  Chestnut  Street,  Newark.  .\.  J. 

Branches:  Chicago  ★  Detroit 
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Airplanes  Detected  50  Miles  Away  in 
19S2 


By  this  time  airplanes  in  motion 
nearly  50  miles  from  the  transmitter 
had  been  detected  under  certain  con¬ 
ditions.  On  July  1,  1932,  in  one  of 
Dr.  Taylor’s  reports  of  progress  made 
on  the  problem  assigned  January  19, 

1931,  he  described  certain  tests  of 
aircraft  detection  at  such  distances 
and  added  that  the  object  of  the  in¬ 
vestigation  now  was  to  develop  in¬ 
struments  for  the  collection,  auto¬ 
matic  recording  and  correlating  of 
data  to  show  position,  angle  and 
speed  of  the  approach  of  objects  in 
the  air.  The  first  instruments  of  this 
nature  were  developed  by  Mr.  Robert 
M.  Page,  of  the  Naval  Research  Lab¬ 
oratory,  assisted  by  Mr.  Robert  C. 

Guthrie. 

Mr.  Page  and  Mr.  Guthrie,  since 
this  time,  have  been  constantly  en¬ 
gaged  in  radar  research,*  and  many 
of  the  radar  developments  now  in 
use  in  the  Naval  service  are  credited 
by  the  Navy  Department  to  the  ef¬ 
forts  of  these  scientists. 

By  March  28,  1933,  various  tirpes  D.  Leahy,  U.S.N.,  Chief  of  Naval  Op- 
of  apparatus  and  systems  for  detect-  erations  (now  Chief  of  Staff  to  th« 
ing  enemy  aircraft  and  vessels  had  Commander  in  Chief  of  the  Army 
been  developed  to  a  degree  which  en-  and  Navy)  witnessed  a  demonstra- 
abled  the  Naval  Research  Laboratory  tion  of  the  detection  of  aircraft  by 
to  outline  in  detail  the  theoretical  the  first  radar  set  developed  in  this 
military  applications.  country. 

In  1935  the  Naval  Appropriations  The  next  two  years  were  spent  in 
Committee  of  the  House  of  Repre-  designing  and  manufacturing  a  prac 
sentatives  on  its  own  initiative  al-  tical  shipboard  model.  After  contin 
lotted  $100,000  for  research 
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reau,  directed  that  plans  ne  maae  lor 
the  installation  of  a  complete  set  of 
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First  Ship  Installation  is  Ordered 
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purposes  ual  trials,  a  set  of  radar,  manuiac 
to  the  Naval  Research  Laboratory,  tured  by  the  Naval  Research  Labor 
This  Committee  has  been  intensely  atory,  was  installed  on  the  I 
interested  in  the  development  of  New  York  late  in  1938.  Duririi 
radar.  The  Committee  repeatedly  has  January,  February,  and  March 
made  inspections  at  the  Naval  Re-  1939,  this  equipment  was  given  er 
search  Laboratory  and  has  given  spe-  haustive  tests  at  sea  during  the  wir. 
cial  financial  support  to  its  work,  ter  cruise  and  the  battle  maneuver 
During  most  of  this  period  Repre-  carried  on  at  that  time.  The  Corr 
sentative  James  E.  Scrugham,  of  manding  Officer  of  the  USS  Ne 
Nevada,  a  former  engineer,  was  York  was  most  enthusiastic  a* 
Chairman  of  the  Committee.  Mr.  recommended  that  the  work  be  cir 
Scrugham  is  now  a  member  of  the  tinned.  Vice  Admiral  Alfred  h 
U.  S.  Senate.  Johnson,  U.S.N.,  commanding  th 
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niediate  procurement  of  this  mate¬ 
rial  must  not  interfere  with  the 
progress  of  the  development. 


Bell  Labs  and  RCA  Cooperate  in 
Research 


In  October,  1939,  contracts,  on  a 
bid  basis,  were  awarded  the  Radio 
Corporation  of  America  for  manu¬ 
facture  of  six  sets  of  aircraft  detec¬ 
tion  equipment  patterned  after  the 
original  model  which  had  been  built 
at  the  Naval  Research  Laboratory 
and  installed  in  the  USS  New  York. 

Two  of  the  major  electronic  labor¬ 
atories  of  the  Country,  Bell  Labora¬ 
tories  and  RCA,  by  this  time  were 
working  in  cooperation  with  the 
Naval  Research  Laboratory  on  radar 
research  and  development. 


A  SHALLCROSS  Development 


General  Electric  Converts  to  Rado.r 


In  August,  1940,  realizing  that  this 
Nation  was  faced  with  limited  radar 
production  facilities  in  the  event  of 
war.  Rear  Admiral  Bowen  persuaded 
Mr.  Charles  E.  Wilson,  president  of 
the  General  Electric  Company  (now 
executive  vice  chairman  of  the  War 
Production  Board)  to  institute  radar 
manufacturing  at  the  General  Elec¬ 
tric  plants.  Within  two  weeks  Mr. 
Wilson  sent  20  scientists  from  Sche¬ 
nectady  to  inspect  the  Navy’s  radar 
equipment  at  the  Research  Labora¬ 
tory.  The  company’s  representatives 
were  most  enthusiastic. 

Two  weeks  later  Mr.  Wilson,  him¬ 
self,  headed  another  inspection  party 
and  was  so  impressed  that  he  direc¬ 
ted  Dr.  Walter  R.  Baker,  head  of  the 
Radio  Division  of  the  General  Elec¬ 
tric  Company,  to  take  the  necessary 
actions  to  enable  General  Electric  to 
catch  up  with  the  Naval  Research 
Laboratory’s  radar  program.  Mr. 
Wilson  additionally  reorganized  Gen- 
ral  Electric’s  Radio  Division.  Dr. 
Raker  was  made  vice  president  of 
General  Electric,  and  General  Elec¬ 
tric  became  the  first  radio  company 
■0  transfer  all  of  its  radio  engineers 
'0  radar  work.  Additiopal  radar  man- 
lifai'tiiring  facilities  were  started 
'"lediately. 

The  General  Electric  Company  sub- 
equently  was  awarded  a  large  con- 
tra  t  for  radar  equipment  for  Naval 


A  wide  rang*  rmsistanc*- measuring  insfru- 
ment  —  combining  the  features  of  the  Kelvin 
and  the  Wheatstone  Bridge. 


IT  MEASURES ... 

Low  resistances  between  0.001  and  1 
ohm  on  the  Kelvin  range. 

Normal  resistances  between  10  ohms 
and  11,000,000  ohms  on  the  Wheatstone 
range. 

A  portable  instrument  of  moderate  ac¬ 
curacy  for  practical  resistance  measure¬ 
ments  for  factory,  service  shop  and  field  use. 
Address  Dept.  3. 


Accurate  Resistors— Switches— ^Speckd  Equipment  and 
Speckd  Measuring  Appcaoius  for  Production  and  Rou¬ 
tine  Testing  of  Electrical  Equipment  on  MUtary  Aircraft 
. . .  Steps . . .  Vehicles . . .  Armament . ; .  tmd  Weapons 


Westinghotise  Enters  Picture 


On  October  16  1940,  Admiral 
wen  appealed  to  Mr.  A.  W.  Robert- 


H  KCTRONICS 


son,  Chairman  of  the  Board,  .ind 
Mr.  George  Bucher,  president  of  the 
Westinghouse  Electric  Company,  to 
participate  in  the  Navy’s  radar  pro¬ 
gram.  Westinghouse  representatives 
visited  the  Naval  Research  Labora- 
tory  and  subsequently  immediately 
reorganized  their  own  radio  divisioa 
and  were  awarded  a  large  Navy  con¬ 
tract  for  radar  manufacture. 


NlUlUliliV^  Self-Locking 
Hollow  Set  Screws 
WITH  THE  Knurled  Points 


U$*  "Unbrako”  Salf-Lockers  that  won't  work  loose. 
Just  tighten  in  the  usual  way  and  the  knurled 
points  dig  in  and  positively  prevent  the 
"Unbrako"  from  shaking  loose.  Yet  they  are  easil> 
removed  and  can  be  used  again  and  again.  Sizes: 
No.  4  to  11/2"  diameter. 


Radar  Data  Exchanged  With 


In  September  1940, 


representa¬ 
tives  of  the  British  Technical  Mis- 
sion  held  a  series  of  conference  with 
representatives  of  the  Navy  Depart¬ 
ment  and  the  Naval  Research  Labor¬ 
atory  at  which  time  much  technical 
information  relating  to  radar  was 
exchanged.  Previously  it  had  beer 
known  that  Great  Britain  was  in  pos 
session  of  a  system  for  detectinpr  air¬ 
craft  but  most  of  the  details  of  the 
British  system  were  unknown  here. 
During  this  conference  with  the 
British  Technical  Mission,  it  was 
found  that  the  British  equipment 
was  similar  in  many  respects  to  the 
equipment  developed  by  the  Naval 
Research  Laboratory,  and  memhpr; 
of  the  British  Mission  stated  that  tht 
British  development  had  resulted 
from  articles  reporting  the  prelin: 
inary  work  between  1926  and  1930  0; 
Dr.  Taylor  and  Mr.  Young,  of 
Naval  Research  Laboratory,  and  Dr. 
Breit  and  Dr.  Tuve,  of  the  Carnegie 
Instiute,  studying  the  height  of  the 
Kennelly-Heaviside  layer.  With  this 
preliminary  study  as  a  base,  the.Brit 
ish  independently  had  develops 


Knurling  of  Socket  Screws  originated  with 


KNURLED  SOCKET  head  cap  screw 


Sovos  time — because  the  knurling  provides  a  bet¬ 
ter  grip  and  allows  the  fingers,  handiest  of 
wrenches,  to  turn  the  screws  faster  and  farther 
before  a  wrench  is  needed.  Sizes:  No.  4  to  II/2" 
diameter. 


Write  for 
“Unbrako” 
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FOR  EVERY  RADIO, 
ELECTRICAL  AND  ELECTRONIC  USE 


Fabricated  parts  for  electronic  tube  and  condenser  manu¬ 
facturers  —  including  discs,  bridges,  supports,  stampings  in 
any  shape  or  form,  condenser  films,  etc. 

Serving  hundreds  of  leading  companies  since  our  com¬ 
pany  was  established  under  its  present  management  in 
1917.  Special  attention  has  been  paid  to  radio  tube  and  com¬ 
ponent  manufacturers  since  the  early  days  of  the  radio 
industry. 

Our  complete  manufacturing  facilities,  experience  and 
the  quick  understanding  of  our  customers’  problems,  blend 
to  make  our  services  invaluable  to  an  increasing  number 
of  new  clients. 

May  tve  quote  on  your  requirements  or 
discuss  your  mica  problems  kUH  you? 


Commercial  Production  Under  Way  i' 
IHl 

By  the  beginning  of  1941,  the  Gf' 
eral  Electric,  Westinghouse,  RCA 
and  Bell  Telephone  laboratories  wer 
carrying  on  research  and  underta- 
ing  commercial  production. 

Lieutenant  Commander  (now  Cor 
mander)  David  R.  Hull,  U.S.N.,  M 
sistant  to  Admiral  Bowen,  was  P- 
in  immediate  charge  of  Naval  ccr 
tacts  with  all  private,  commercia 
and  governmental  activities  en/ag: 


FORD  RADIO  &  MICA  CORPORATION 


JOSEPH  J.  LONG.  President 

538  63rd  Street  Brooklyn,  N.  Y. 

Established  1917  •  Telephone:  Windsor  9-8300 
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PRECISION  PARTS 


\  Story  of  amazing  accuracy  of  American 
iistrumfciits  will  come  out  of  this  war.  It 
Hii’t  be  told  yet  because  there  are  still  a 
ot  of  surprises  in  store  for  Herr  Hitler  and 
lis  gang  of  bandits.  There  is  no  secret, 
hough,  back  of  the  amazing  precision 
vurk  that  has  made  this  accuracy  possible. 


“.  .  .  ten  times  as  fast  .  .  .” 

These  small,  army,  instrument  parts  are 
ph-!-.!.  Each  is  centerless  ground  to  within 
1.  ranees  of  .0002’’.  Concentricity  between 
•miptcrs  is  held  to  limits  of  ten  thou- 
'-dths.  Some  of  them  call  for  definite 
I 'his  requirements  where  the  shank 
I  i  ts  the  head.  Others  must  have  no 
;  lius  at  all.  And  there  is  another  very 
irmrtsnt  requirement — they  must  be 
I'd  out  r\  tne  thousands. 

Ace  is  <t 


doneer  in  this  ever-increasing 
which  World  War  II  has  taught 
mass  production.  Management  “know- 
v"  and  modem  equipment  are  turning 
I  tolerances  as  close  as  .0001',  and  fin- 
■'  which  a  speck  of  dust  or  a  warm  hand 
uirta^and  doing  it  ten  times  as  fast  as 
i-r  before.  Ace  is  a  dewndable  source  for 
'  line  production  of  Bar  Stock,  Shafts. 
"  is,  Pins,  Punches,  Taper  Pins  ana 
rt:'.  Diameters  may  be  as  small  as  .020* 
as  large  as  6'.  Capacity  is  available  for 
ur  Centerless  Grinding  requirements.  If 
1  have  any  grinding  problems  send  us  a 
;ili',  sketch,  or  blueprint  for  quotation. 


Thin  new  booklet  describes  the  facilities 
..I  i.v,  at  Ace  for  the  machining,  as- 
ing  and  heat  treating  of  smaU  parts. 


.4  rui>y  will  be  gladly  sent  upon  request. 

^  ACE 

7\  MANUFACTURING 

CORPORATION 
tor  Precision  Parts 
5  E.  ERIE  AVE.,  PHILADELPHIA  24,  PA. 
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in  radar  research  and  development, 
and  in  this  capacity  he  supervised 
the  development  of  models  which  re¬ 
sulted  in  the  first  quantity  produc¬ 
tion  of  many  types  of  radar  equip¬ 
ment. 

j  Commander  (now  Captain)  Jen- 
!  nings  B.  Dow,  U.S.N.,  spent  the 
greater  part  of  1941  in  England  ob- 
I  taining  information  on  British  radar 
j  methods.  Upon  his  return  to  the 
United  States,  Commander  Dow  or- 
I  ganized  the  Radar  Branch  in  the 
Radio  Division,  Bureau  of  Ships. 

I  Radar  procurement  and  design  work 
in  the  Bureau  of  Ships  prior  to  that 
time  had  been  conducted  by  Lieuten¬ 
ant  Commander  (now  Commander) 
Samuel  M.  Tucker,  U.S.N.  Major  con¬ 
tributions  in  the  radar  field  also 
have  been  made  by  Lieutenant  Com¬ 
mander  (now  Captain)  M.  E.  Curts, 
U.S.N.,  Lieutenant  (now  Com¬ 
mander)  William  S.  Parsons,  U.S.N., 

I  and  Lieutenant  (Dommander  John  F. 
Mullen,  Jr.,  U.S.N. 

Radar  research  is  continuing  and 
I  new  developments  are  constantly  be¬ 
ing  made — by  the  Government  and 
by  private  industry.  Every  manu¬ 
facturer  of  any  size  in  the  electronic 
industry  is  participating.  Radar  pro¬ 
curement  is  one  of  the  Navy’s  prime 
I  projects. 


.  Jap  Battleship  Sunk  at  Night 
By  Radar-Aimed  Salvos 

Speaking  in  Spartanburg,  S.  C.  on 
j  Memorial  Day,  James  F.  Byrnes,  Di- 
!  rector  of  War  Mobilization,  cited  the 
j  following  example  of  the  effective¬ 
ness  of  radar: 

“History  will  some  day  record  the 
I  part  radio  and  radar  have  played  in  i 
I  giving  us  fighting  superiority  over 
the  Axis.  But  let  me  give  you  one 
instance.  On  the  night  of  Nov.  14, 
off  Guadalcanal  there  lay  a  Japanese 
battleship.  It  was  a  stormy  night. 
Eight  miles  away  was  a  ship  of  our 
own  fleet.  With  the  use  of  radar  our 
ship,  with  its  second  salvo,  sank  the 
Jap  battleship  in  the  blackness  of 
the  night,  eight  miles  away.” 

No  Limitations  to 
El^tronics 

Speaking  on  the  subject  “Redis¬ 
cover  the  Rainbow”  at  Columbia  Uni¬ 
versity  on  May  20,  Dr.  Willard  H. 
Dow  made  reference  to  the  great  fu- 


Try  the  watch  pocket.  Buddy! 

The  little  woman  is  sizzling, 

li  that  iiffJe  ring  were  some 
hard  -  fo  -  locate  radio  component, 
we'd  soy.  "Try  HARVEY". 

Harvey  Radio  Company  can 
eliminate  many  oi  the  production 
delays  caused  by  missing  com¬ 
ponents.  Our  staff  is  specially 
trained  in  locating,  purchasing, 
and  expediting  deliveries  of  any 
such  parts  that  you  may  demand. 
This  almost  instinctive  ability  to 
find  what  you  need  has  been  de¬ 
veloped  by  many  years  of  associa¬ 
tion  with  radio  mcmufacturers  and 
sources  of  supply.  Or  we  may 
have  a  few  of  the  materials  you  are 
seeking  on  our  shelves. 


Next  time  your  time's 
a-wasting  call  Harvey. 
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marters  kr 
^^Motors 


IT'S  VALUABLE 
IT'S  INDISPENSABLE 
IT'S  TINELT 

So  Send  TODAY  for  Your  Copyl 

QomfUUmOH^tMHotUm 
FOR  USE  IN: 

Automatic  Reset  Timers 
— Time  Delay  Relays — 
Vacuum  Tube  Circuit- 
Controls.  etc. 

Extensieely  used  in  Plate 
Circuit  Time  Delays  for 
Communication  Equip¬ 
ment. 


ture  of  electronics  in  his  theme  that 
recognition  of  immutable,  natural 
scientific  laws  in  relation  to  world¬ 
wide  ways  of  living  is  the  one  way 
out  for  erring,  squabbling,  dreaming 
humanity. 

The  following  is  an  excerpt  from 
the  talk  he  gave  upon  receipt  of  the 
Chandler  Medal  for  distinguished 
service  in  science  as  president  and 
general  manager  of  The  Dow  Chem¬ 
ical  Co. : 

“The  idea  of  one  scientific  develop¬ 
ment  being  a  tool  which  helps  in  an¬ 
other  development  is  clearly  under¬ 
stood  and  appreciated  by  those  with 
scientific  experience,  and  but  slightly 
understood  by  others. 

The  radio  is  probably  considered 
by  the  public  as  one  of  the  most 
necessary  means  of  entertainment 
and  communication,  but  the  whole 
physical  scit  ice  of  radio  development 
is  one  of  the  most  vitally  necessary 
tools  in  all  sorts  of  commercial  op¬ 
eration.  It  permits  automatic  con¬ 
trol  where  human  hands  cannot 
reach.  The  electron  microscope  in 
turn  permits  magnification  that 
lenses  cannot  produce.  It  would  be  an 
unwise  prophet  who  would  attempt  to 
define  the  probable  limitation  of  elec¬ 
tronics,  or  what  it  will  do  in  aiding 
all  science  to  further  understanding 
and  benefit.” 
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linivsMoL  FUSE  PANEL  Ho.m 


Blueprint  comes  to  you  without  charge.  W 
it  you  can  quickly  designate  the  Fuse  Pg: 
lor  your  requirements  —  exactly  to  y: 
specifications.  One  number  covers  y; 
mounting.  #1505  specifies  Standard  P  ■ 
Mounting;  first  dash  number,  size  oi 
required;  second  dash  number,  the  :  u-; 
of  poles  required.  If  bus  bars  are  roq  : 
specify  separately,  and  specify  poles  to 
bussed. 


Phileo  Will  Train  60 
“Radareltes” 

A  50-week  course  including  mathe¬ 
matics,  elementary  electricity,  radio, 
television,  radio  laboratory  technique, 
electrical  drafting,  industrial  orien¬ 
tation  and  production  processes  is 
being  given  at  Temple  University  to 
a  selected  group  of  sixty  young  wo¬ 
men,  all  recent  high  school  graduates 
selected  from  the  Philadelphia  area 
by  Phileo  Corp,  The  training  plan, 
involving  full  scholarships  with  pay, 
was  initiated  to  meet  the  needs  of 
the  war  emergency  and  help  qualified 
girls  to  obtain  the  needed  technical 
training  for  research  work  at  Phileo. 

Upon  completion  of  the  course,  the 
girls  will  be  known  as  “Radarettes”, 
and  will  serve  as  assistants  to  Phileo 
engineers  engaged  in  radar  and  other 
military  radio  work.  According  to 
Phileo  engineering  vice-president 
David  Grimes,  women  are  more  im¬ 
portant  today  in  the  radio  industry 
than  ever  before. 


These  strong  light  panels  are  equipped  ’ 
terminals  and  Beryllium  Copper  Fuse  '  : 
or  terminal  studs.  They  meet  all  Air 
requirements.  They  insure  the  utmost 
durability. 


MANUFACTURERS,  ENGINEERS,  DRAFTSMI 
PRIME  CONTRACTORS,  PURCHASING  A&EN1 


Here  is  important  aid  in  saving  hours 
time  and  labor,  speeding  production.  S' 
for  as  many  copies  as.  you  need  of 
B/P  for  Littelfuse  Univet^al  Fuse  Panel ' 
1505.  Special  panels , to  your  spe.  u.c::: 
made  promptly.’^' 
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.IRE  Opposes  Kilgore- 
Patman  Bills 

In  the  following  resolution 
adopted  on  June  2,  1943,  by  the  IRE 
Board  of  Directors,  this  engineering 
society  took  a  firm  position  against 
socialization  of  engineering  research : 

“Whereas,  The  Board  of  Directors 
of  The  Institute  of  Radio  Engineers 
is  of  the  opinion  that  the  scientific 
and  technical  resources  of  the  Na¬ 
tion  and  in  particular  the  radio  per¬ 
sonnel  and  facilities  of  the  country 
are  mobilized  to  a  high  degree  and 
are  working  efficiently  in  the  war 
effort;  and 

“Whereas,  It  appears  that  enact¬ 
ment  of  The  Kilgore-Patman  Bills 
S-702,  HR-2100  to  mobilize  the  scien¬ 
tific  and  technical  resources  of  the 
Nation,  to  establish  an  Office  of 
Scientific  and  Technical  Mobiliza¬ 
tion,  and  for  other  purposes,  would 
actually  endanger  the  war  effort  by 
a  reorganization  of  these  resources 
along  totally  untried  lines,  and 

“Whereas,  It  is  the  opinion  of  the 
Board  of  Directors  that  the  premises 
given  in  the  declaration  of  policy 
of  S-702  are  unsound  and  not  repre¬ 
sentative  of  the  facts;  and 

“Whereas,  The  enactment  of  these  I 
bills  would  establish  a  post-war  bu¬ 
reaucracy  inimical  to  the  best  in¬ 
terests  of  scientific  and  technical 
progress  and  thus  also  to  the  best  in¬ 
terests  of  these  United  States ;  there¬ 
fore,  be  it 

“Resolved,  That  the  Board  of  Di¬ 
rectors  of  The  Institute  of  Radio 
Engineers  finds  no  valid  reason  for 
enactment  of  Senate  Bill  S-702  and 
House  Bill  HR-2100  and  strongly 
opposes  such  enactment  because 
these  bills  if  enacted  will  result  in 
confusing  the  war  effort ;  and 
furthermore  be  it 

“Resolved,  That  the  Board  of  Di¬ 
rectors  of  The  Institute  of  Radio 
Engineers  expresses  its  general  op¬ 
position  to  any  proposals  which 
would  have  the  effect  of  placing  the 
scientific  and  technical  personnel  and 
facilities  of  the  Nation  under  gov¬ 
ernment  supervision  and  control.” 


Status  of  Telegraph  Merger 

The  first  and  most  important  step 
toward  merging  of  telegraph  facil¬ 
ities  in  this  country  came  on  May  13 
when  heads  of  Western  Union  Tele- 


SOLVE  YOUR 

SHORT  RUN 

DIE  PROBLEMS 

uuiA  [^[ 


PRECISION  MRCHINES 


(DIE-ACK-ROW) 


SEND  FOR  CATALOG 

“Metal  Duplicating 
without  Dies” 

It's  an  eye-opener  on 
what  you  can  do  with¬ 
out  dies,  shows  typical 
parts,  and  ftlves  sizes 
and  capacities  of  all 
models  of  Dl-Acro 
Shears,  Brakes,  Bend¬ 
ers. 


‘‘Extra  Special  Rush!  Speed  it  up!  When  can  you  deliver?”  Maybe 
you  don’t  have  to  wait  —  Wait  —  WAIT  —  for  dies!  Try  “DIE- 
LESS  DUPLICATING”  with  Di-Acro  Shears,  Brakes,  Benders. 
These  are  precision  machines  —  all  duplicated  work  is  accurate  to 
.001'.  You’ll  get  a  new  slant  ori‘ “short-run”  production  problems 
from  the  great  variety  of  parts  which  can  be  produced  by  Di-Acro 
Machines.  Thousands  of  them  are  in  use  saving  Man  Hours  and 
Critical  Materials. 


BENDERS 

Di-Acro  Bender  bends 
angle,  channel,  rod.  tub¬ 
ing,  wire,  moulding, 
stop  stock,  etc.  Capac¬ 
ity  —  Bender  No.  1  — 
A*,  round  cold  rolled 
steel  bar.  Bender  No.  2 — 
yi’  cold  rolled  steel  bar. 


BRAKES 

Di-Acro  Brake  forms 
non-stock  angles,  chan¬ 
nels  or  "Vees”.  Right  or 
left  hand  operation. 
Folding  width  —  Brake 
No.  i  —  6'.  Brake  No.  2 
—  12*.  Brake  No.  3  — 
18’. 


SHEARS 

(lUustrated) 

Di-Acro  Shear  squares 
and  sizes  material,  cuts 
strips,  makes  slits  or 
notches,  trims  dupli¬ 
cated  stampings.  Shear¬ 
ing  width  —  Shear  No. 
1  —  6*.  Shear  No.  2  — 
9".  Shear  No.  3  —  12*. 


321  8th  Avsnus  So., 
Minnoapolis,  15  Minn. 


TRIPI^ETT 

^3>mSatAeee  TESTERS 


portable  ”^t;;"pI‘ov\dcd 

cartyina  c  VOLtS 

2.500  .r 

A  C.  voUak 

in  _ 


Although  some  older  designs  are  no  longer 
obtainable  several  alternate  models  are  avail¬ 
able  to  you  under  Government  requirements. 


^  TRIPLETT  ELECTRICAL  INSTRUMENT  CO.  •  BLUFFTON,  OHIO 
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graph  Co.  and  Postal  Telegraph  Inc. 
signed  a  purchase  agreement.  The 
purchase  is  subject  to  approval  of  the 
FCC,  stockholders  of  the  two  firing, 
and  various  other  governmental 
groups.  The  purchase  is  to  be  effec¬ 
tive  at  the  earliest  possible  date,  but 
in  no  event  later  than  Oct.  1,  1943. 
Under  its  terms,  Western  Union  will 
acquire  all  the  assets  and  busines.s  of 
Postal,  and  assume  its  liabilities. 

FCC  Chairman  James  Lawrence 
Fly  promised  speedy  consideration  by 
the  Commission  in  the  following 
statement:  “I  am  confident  that  a 
genuine  public  benefit,  in  terms  of 
improved  service  during  the  war 
period,  will  result  from  a  sound  plan 
of  merger  between  Western  Union 
and  Postal  Telegraph.  Our  own  Com¬ 
mittee,  composed  of  Commissioners 
Payne,  Wakefield  and  Durr,  I  am 
sure,  will  continue  to  devote  them¬ 
selves  assiduously  to  the  task  of 
studying  the  merger  problem  and  of 
cooperating  on  the  necessary  pro¬ 
cedures  with  all  interested  parties 
and  agencies.” 


Here,  at  Doolittle,  we  are  coordinating 
every  effort  and  skill  to  help  provide  the 
communications  equipment  so  essential  for 
yictory.  This  will  mean  better  peace-time 
pmmunications  after  our  battles  are  won. 


To  Assure  Victory 
Buy  Mero  U.  S.  War 
Bonds  and  Stamps 


Bmildtrs  of  Procishm  Radio  Commtmications  Equipmont 

7421  S.  Loomis  Blvd.«  Chicoie,  U.  S*  A. 


Supreme  Court 
Strengthens  FCC 

A  PAR-REACHING  COURT  decision  which 
turns  over  to  the  Federal  Communi¬ 
cations  Commission  almost  limitless 
control  of  all  phases  of  broadcasting 
came  when  the  Supreme  Court,  on 
May  10,  upheld  the  restrictions 
which  the  FCC  had  ordered  for 
chain  broadcasting.  The  court  opin¬ 
ion  was  5  to  2,  with  Justices  Frank¬ 
furter  and  Roberts  dissenting.  Net¬ 
works  are  resigned  to  operation  un¬ 
der  the  new  rules,  though  some  still 
refer  to  the  rules  as  “a  death  blow  to 
nation-wide  broadcasting”. 


HESE  widely  used  Resistors  are  favored 


because  of  their  noiseless  operation 
and  durability  and  because  they  retain 
their  values  and  characteristics  under 
extremes  of  temperature,  humidity  and 
climatic  changes. 

STANDARD  RANGE 

1000  ohms  to  10  mogohms. 

NOISE  TESTED 

At  slight  additional  cost,  resistors  in 
the  Standard  Range  are  supplied  with 
each  resistor  noise  tested  to  the  follow¬ 
ing  standard:  "For  th*  eemplat*  aadle 
fraqaancy  rang*,  ratisters  shall  have 
lass  aoita  tbaa  feorraspoads  to  a 
ehanga  of  rasistanea  of  1  part  la 
1,000,000.'' 

HIGH  VALUES 

15  mogohms  to  1,000,000  mog¬ 
ohms. 


TYPE  65X  n 

Aeteol  Slxe  U 

1|  Other  types  ovol^ble  la  U 
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Signal  Corps  Establishes  New 
Commercial  Communication^! 
Agency 

All  relations  between  commercial 
communications  services  and  the 
Army,  with  the  exception  of  func¬ 
tions  procured  and  administered  by 
service  commands,  will  be  handled 
from  now  on  by  the  Army  Com¬ 
munications  Commercial  Agency, 
with  offices  at  50  Broadway,  New 
York  City.  It  will  function  as  a 
field  installation  under  the  control 
of  Col.  I.  W.  Treest,  Director  of  the 
Army  Communications  Division. 


Th#  S.  S.  Whita  Dantal  Mig.  Co. 

INDUSTRIAL  DIVISION 

Dopartmoat  R,  10  East  40th  8t..  Naw  York  IS.  N.  Y. 
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Wall  St.  Watches  Electronics 

Reports  by  financial  firms,  articles 
in  financial  magazines  and  presenta¬ 
tion  of  a  lecture  series  on  electronic 
subjects  in  the  Governing  Room  of 
the  New  York  Stock  Exchange  indi¬ 
cate  serious  interest  in  the  post-war 
possibilities  of  the  electronic  indus¬ 
try  from  a  financial  standpoint. 

A  42-page  analysis  of  recent  de¬ 
velopments  and  post-war  possibilities 
of  electronics,  prepared  for  its  cus¬ 
tomers  by  Kidder,  Peabody  &  Co.  of 
New  York  City,  is  by  far  the  most 
complete  financial  survey  seen  to 
date.  It  divides  electronics  into  six 
fields  orimarily  for  convenience  of 
analysis.  Concrete  facts  and  statis¬ 
tics  are  presented  on  pre-war,  pres¬ 
ent  and  post-war  activities  in  (a) 
radio  fields,  (b)  radio  frontiers  of 
FM,  facsimile  and  television,  (c) 
communication  fields,  (d)  lighting 
and  related  fields,  (e)  industrial 
fields,  and  (f)  the  electrical  manu¬ 
facturing  industry.  Products  and  ap¬ 
plications  are  cited  in  each  group, 
with  yearly  production  figures  where 
available.  Leading  manufacturers 
are  named.  Ten  pages  are  devoted  to 
financial  descriptions  of  selected  lead¬ 
ing  companies,  and  investment  rec¬ 
ommendations  are  made.  Summariz¬ 
ing  statements :  (1)  Investors  should 
give  little  weight  to  war-time  de¬ 
velopments  since  present  earning 
power  is  inflated;  (2)  The  next  im¬ 
portant  development  will  be  wide¬ 
spread  use  of  FM,  with  radio  fac¬ 
simile  and  television  coming  later; 

(3)  Don’t  expect  too  much  too 
quickly  after  the  war  since  the  elec¬ 
tronic  industry  in  general  is  concen¬ 
trating  now  on  winning  the  war; 

(4)  Probably  no  other  section  of  our 
industrial  economy  presents  broader 
horizons  during  the  next  decade, 

(5)  A  substantial  drop  in  earnings  is 
to  be  expected  after  the  war,  followed 
by  resumption  of  pre-war  growth  but 
probably  at  an  accelerated  rate;  (6) 
Current  publicity  over-emphasizes 
the  immediate  potentialities  in  the 
field  of  electronics. 

No.  2  in  the  series  of  “Industries 
of  Tomorrow”  bulletins  by  C.  B. 
Richard  &  Co.  of  New  York  City  is  a 
four-page  leaflet  on  the  electronic  in¬ 
dustry,  describing  a  few  electronic 
developments  and  giving  data  on 
the  shares  and  the  capitalization  of 
radio,  television  and  of  electronic 
concerns. 

Weekly  lectures  under  the  auspices 


Laboring  under  terrific  strain,  engi¬ 
neers  are  constantly  striving  to  improve 
electrical  units  so  that  they  will  perform 
more  efficiently  and  meet  diversified 
needs.  Minute  details  in  the  blueprints 
are  thoroughly  checked  and  carried  out 
in  production. 

As  units  must  comply  with  specifica¬ 
tions,  and  pass  rigid  inspections,  why  not 
follow  through  by  specifying  DOLPH’s 
Insulating  Varnishes.^  After  all,  your 
electrical  units  are  no  better  than  the 
varnish  which  protects  them. 

The  DOLPH  Laboratories  are  cons¬ 
tantly  developing 


DO  away  with  the  cussing 
and  cajoling  .  .  .  the  seem¬ 
ingly  endless  W  AITING  for 
delivery  of  Electronic  and 
Radio  Supplies.  Rush  tear  work 
wont  w€ut!  That’s  why  we 
have  developed  an  emergency 
service  tuned  to  the  tempo  of 
WAR.  We  are  answering  the 
call  for  speed  with  over-size, 
over-diversified  stocks,  with 
specially  trained,  experienced 
technicians  and  elimination  of 
red  tape  .  .  .  every  facility 
streamlined  to  give  vital  indus¬ 
trial  users  of  Electronic  and 
Radio  products  an  EMER¬ 
GENCY  SERVICE  incredibly 
fast  and  efficient  in  the  face 
of  increasing  shortages.  Write, 
wire  or  phone.  Tell  us  how 
we  can  hest  serve  vou,  NOW! 


insulating  var¬ 
nishes  to  meet  the  exacting  needs  of  im¬ 
proved  electrical  units.  The  answer  to 
your  insulating  problem  may  be  found  in 
the  DOLPH  Laboratories.  There  are  no 
obligations,  so  why  not  inquire.^ 
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WALKER-JIMIESON,  INC 

311  S.  Western  Ave.,  Chicago,  III. 
Phone;  Canal  2525 
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of  the  New  York  Institute  of  Finance 
have  been  given  at  11  Wall  St.  in 
New  York  for  members  of  the  Stock 
Exchange  and  officials  of  investment 
concerns,  with  outstanding  engineers 
and  scientists  as  speakers. 


How  a  lot  Flios 

John  Mills  of  Bell  Telephone  Lab¬ 
oratories  discussed  “The  Scientific 
Method”,  describing  as  examples  the 
procedure  used  by  scientists  in  de¬ 
termining  how  bats  avoid  obstacles 
when  flying  at  night,  how  Bell  de¬ 
veloped  the  telephone,  and  how  Bell 
Labs  improved  the  DeForest  audion 
through  painstaking  research.  Quotes 
are:  “Pin  your  faith  to  companies 
that  have  good  research  departments 
and  are  really  doing  research  and  not 
merely  testing” ;  “If  you  know  how  a 
bat  flies  wou  will  know  all  you  need 
to  about  the  radio  locators  or  radar”. 

Dr.  K.  K.  Darrow,  also  of  Bell 
Labs,  covered  “Transmutation  and 
Radioactivity”,  starting  with  the 
structure  of  the  atom  and  the  use  of 
neutron  projectiles  for  changing 
atoms.  He  stated  that  it  is  now  pos¬ 
sible  to  change  every  atom  into  at 
least  one  other,  and  every  element 
can  be  produced  by  directing  neu¬ 
trons  at  some  other  atom.  Radioac¬ 
tivity  produced  artificially  with  a 
cyclotron  makes  it  possible  to  mark 
certain  atoms  and  trace  them  through 
the  human  system  or  through  plants. 
Thus,  water  containing  radioactive 
sodium  can  be  detected  at  the  tip  of 
your  finger  20  minutes  after  drink¬ 
ing  it.  Radioactive  methods  of  ex¬ 
ploring  oil  wells  have  recently  been 
developed. 

Dr.  Willard  F.  Libby  of  the  Univ. 
of  Calif.,  speaking  on  “Chemistry 
and  Electronics”,  continued  the  sub¬ 
ject  of  nuclear  physics  with  an  ex¬ 
planation  of  how  isotopes  like  heavy 
hydrogen  are  produced,  and  how  an 
atomic  isotope  with  almost  any  de¬ 
sired  radioactive  life  can  be  obtained. 
He  cited  practical  applications  of  the 
newly-gained  knowledge,  and  prophe¬ 
sied  that  important  advances  would 
be  made  in  the  fields  of  biochemistry 
and  medicine  in  the  next  few  years 
through  use  of  natural  or  radioactive 
isotopes.  He  pointed  out  that  no 
business  or  industrial  concerns  are 
as  yet  producing  radioactive  sub¬ 
stances  for  sale,  and  this  factor  is 
holding  up  industrial  applications  of 
radioactive  techniques. 

Ralph  S.  Beal,  RCA  Research  Di¬ 
rector,  reviewed  “Radio-Electronic 


^Try  Dalis  with  those 
priority  requirements. 
You'll  be  surprised. 

J^ple  stocks  provide 
prompt  shipment  on 
many  items,  partic¬ 
ularly  resistors,  con¬ 
densers,  controls, 
wire,  transformers, 
cable,  headphones, 
relays,  batteries, 
tubes,  tools,  etc. 


Resistors  are,  in  the  hnal  analysis. 

energy  dissipators  and  as  such  they 
should  be  rugged.  Since  the  demands  of 
electronic  circuits  arc  quantitatively  ex¬ 
acting,  a  resistor  should  lx  electrically  and 
mechanically  stable.  Ruggedness  and  sta¬ 
bility  in  a  resistor  gives  assurance  that  it 
will  retain  indefinitely  its  established  re¬ 
sistance  value  under  normal  loading. 

A  good  resistor  should  withstand,  without 
suffering  a  permanent  change  in  resistance, 
the  maximum  accidental  over-voltage  to 
which  it  might  be  subjected  in  service. 
Moreover  a  resistor  should  be  relatively 
free  from  microphonic  effects,  inductance 
and  capacitance  and  it  should  not  be 
affected  by  humid  atmospheres. 

“Globar”  Brand  Ceramic  Resistors  meet 
these  specifications.  Right  now  deliveries 
must  be  scheduled  according  to  priority 
ratings  and  date  of  order.  Nevertheless  we 
invite  you  to  tell  us  about  your  needs;  we 
pledge  our  best  efforts  to  assist  you. 

The  condensed  table  below  gives  you  at  a 
quick  glance  the  physical  and  electrical 
characteristics  of  the  more  commonly  used 
industrial  type  “Globar”  Resistors. 


And  if  required  items 
ore  not  in  stock, 
DALIS  qo-gets  'em 
for  you  in  shortest 
possible  time. 

Try  DALIS  —  a  de¬ 
pendable  source  of 
supply  since  1925  — 
and  on  indispensable 
source  today  in  get¬ 
ting  things  in  a  hurry. 


•Write,  wire 
or  'phone . . 


n.  L.  UALId,  INC. 

Distributors  of 

RADIO  S  EllCTRONIC  SUPPLIES 
17  Uniwi  Sauor*  •  N«w  York,  N  Y. 

Phonos:  Algonquin  4-8112-3-4-5-6-7 


*The»0  rstings  msy  be  subsfentts/Iy 
increased  by  arfi/icia/  coo/ing. 

CNAUCTOHSTK  COCfHCKNTS: 

TYff  A:  Comparatively  Straight  Line  Temperature  and 
Voltage. 

is  Negative  Temperature  and  Voltage. 

TTPI  CX:  Sli^tly  ^isitive  Temperature. 

Other  resistor  types  are  available  for  spectalired  af^ications. 
TEXMMAIS:  Metalised  ends  for  clip  mounting  or  wire  leads. 

Type  CX  resistors  have  a  low  specific  resistance  and  cannot 
be  subjected  to  voltage  stresses  permissibte  with  Types  A  and 
B.  Maximum  allowable  voltage  is  that  required  to  yield 
maximum  watt  rating. 


Globar  Division 


NIAGARA  FALLS,  N.Y. 

(('arboruBdum  and  Globar  are  repfistered  trade*marks  of 
and  indicate  manufacture  by  The  Carborundum  Company) 
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Min. 

25  ohms 

5  ohms 

1  ohm 

Per  Inch  of  length 

Max. 

IS  megohms 

15  mogohms 

100  ohms 

'OVUALl 
wan  RATING 

Max. 

54  watts 

54  watts 

ISO  watts 

'NORMAl  RATING 
W.  Sg.  In.  of 
Radiating  Surlote 

1  watt 

1  watt 

2'A  watts 

MAXIMUM 

VOLTAGE 

Par  Inch  of  langth 

400  «. 

400  V. 
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CRYSTALS 

EXCLUSIVELY 


Split  second  communications 
are  vital  to  oiiensive  action. 
Valpey  crystals  insure  reli¬ 
able  transmission  of  tactical 
orders  at  all  battle  fronts. 

THE  VALPEY  CRYSTALS 
HOLLISTON,  MASS. 
Since  1931 


EXCLUSIVELY 
FOR  WAR.  .  .  . 


Valpey 


For  Faster, 
More  Permanent 
Soldering- 

Put  KESTER  on 
Your  PRODUCTION  LINE 
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Research”,  predicting  that  electronic 
television  would  become  a  vast  post¬ 
war  industry  giving  employment  to 
many  people,  and  reporting  on  latest 
RCA  developments  such  as  high  fre¬ 
quency  heating  and  the  electron  mi¬ 
croscope.  Reviewing  the  part  played 
by  RCA  Laboratories  in  radar  de¬ 
velopment,  he  stated  that  basic  re¬ 
search  on  apparatus  and  techniques 
had  been  started  by  RCA  as  early  as 
1932,  and  that  RCA  had  installed 
collision-prevention  equipment  in  its 
own  airplane  in  1937.  Production  of 
experimental  radar  units  for  the 
Navy  and  Signal  Corps  began  shortly 
afterward. 

Dr.  David  Grimes,  Philco  vice- 
president  in  charge  of  Engineering, 
addressed  the  group  on  “Electronics, 
FM  and  Television”,  pointing  out 
first  that  electronics  covers  just  as 
wide  a  held  of  endeavor  as  does  sound 
vibrations.  He  explained  basic  prin¬ 
ciples  by  analogy:  If  we  could  see 
at  a  frequency  corresponding  to  that 
of  radio  waves,  each  transmitting 
antenna  would  be  like  a  huge  light¬ 
house  having  a  definite  color.  Every¬ 
thing  radio  waves  pass  through 
would  be  transparent,  so  that  build¬ 
ings  would  be  invisible  except  for 
their  metal  frameworks.  Suppose  a 
particular  transmitter  produced 
green  light;  with  AM  modulation, 
this  green  light  would  flicker  with 
modulation  without  changing  color, 
but  with  FM  modulation  the  color 
would  vary  while  the  brilliance  would 
stay  constant.  Introducing  televi¬ 
sion,  he  pointed  out  that  we  must 
transmit  pictures  as  a  series  of  im- 
l  pulses  in  much  the  same  way  that 
we  transmit  thoughts  vocally  as  a 
sequence  of  syllables.  Today,  he  said, 
television  is  equivalent  in  quality  to 
16-mm  movies. 

The  remaining  two  scheduled  lec¬ 
tures  in  the  series,  by  A.  C.  Mon- 
teith  of  Westinghouse  on  “Electron¬ 
ics  as  Applied  to  Industry”  and  by 
Dr.  W.  R.  G.  Baker  of  General  Elec¬ 
tric  on  “Advance  and  Future  Think¬ 
ing”,  will  be  reported  later. 

The  May  19,  1943  issue  of  Finan¬ 
cial  World  contains  a  two-page  fea¬ 
ture  article,  “Electronics  in  the*  War 
—and  Afterward”,  briefly  describing 
some  routine  and  spectacular  appli¬ 
cations  of  electronics,  including  a 
new  healing  ray  that  increases  the 
speed  of  nature  in  repairing  wounds 
fcby  inducing  erythema  (reddening) 
[of  exposed  flesh. 


Kasfer  Cored  Solders  meet  squarely 
both  wartime  essentials  in  the  field  of 
electronics — first,  precision  in  manufac¬ 
turing  that  will  insure  faultless  opera¬ 
tion;  second,  ease  of  application  that 
safely  expedites  production. 

Kester  Cored  Solders  hold  tight. 
Available  in  a  range  of  sizes,  alloys  and 
fluxes  that  exactly  fits  every  production 
requirement,  they  stand  up  under  vibra¬ 
tion,  bending,  shock,  contraction  and 
expansion.  Alloy  and  flux  in  right  kind 


and  amount  are  applied  in  one  simple 
operation. 

The  patented  plastic  rosin  Rux  in 
Kester  Rosin-Core  Solder  orevents  ter¬ 
minal  rasist<*nce  in  electrical  circuits;  it 
won't  cause  corrosion  or  injure  insulating 
material. 

Raster's  44  years  of  highly-specialized 
solder  experience  is  at  your  command. 
Consult  Kester  engineers  freely,  without 
obligation. 
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Manpower 

The  industry  according  to  Ray  C. 
Ellis,  is  faced  by  some  currently 
acute  problems.  One  of  the  most 
critical  is  the  difficulty  of  securing 
and  holding  skilled  employees. 

The  pi^uction  of  military  radio 
and  radar,  although  based  on  pre¬ 
war  radio  industry  manufacturing 
facilities,  is  virtually  a  new  field- 
one  employing  a  large  number  of 
young  technicians  who  are  now  being 
called  into  the  armed  services  in 
great  numbers.  The  colleges  to  which 
the  industry  must  look  for  skilled  re¬ 
cruits  to  put  new  developments  and 
discoveries  into  practical  application 
— physicists,  chemists  and  engineers 
— are  subject  to  the  same  drain. 

Use  of  still  more  women  in  the  in¬ 
dustry  is  one  solution  seen  by  Mr. 
Ellis,  who  points  out  that  in  some 
phases  of  manufacture  women  are 
more  adept  than  men,  as  in  the 
handling  of  delicate  tube  elements. 

Already  some  50  percent  of  the 
inspectors  employed  by  the  Signal 
Corps  are  women. 


DETACHABLE 
SNAP-SOCKET 
PILOT  LIGHT 


WITH  NEW 
STYLE  RIGID 
TERMINALS 


Gothard  Series  800  Pilot  Lights  are  very  popular  tor  switch¬ 
board  and  similar  mounting.  Socket  and  new  style  rigid 
terminals  that  cannot  work  loose  or  twist  are  integral  parts 
of  the  spring  member,  which  locks  firmly  into  Jewel  hous¬ 
ing.  Socket  is  easily  removed  with  spring  member  for  re¬ 
placement  of  lamp  bulb.  Bulb  may  also  be  inserted  from 
front  of  panel  by  removing  slip-ring  mounted  Jewel.  Range 
of  Jewel  colors — plain  or  faceted — miniature  or  candelabria 
screw  sockets,  or  miniature  bayonet  sockets. 


Request  the  Gothard  Pilot  Light  Assem¬ 
blies  Catalog  lor  complete  information. 


MANUFACTURING  COMPANY.  1310  North  Ninth  Street.  Springfield,  Illinois 


College  Courses  in 
Electronics 

Writing  in  the  May  1943  issue  of 
The  Journal  of  Engineering  Educa¬ 
tion,  S.  G.  Lutz  of  Naval  Research 
Laboratory  analyzes  college  training 
in  electronics  thusly: 

“Electronics  still  seems  to , consti¬ 
tute  one  of  the  weak  links  in  most 
curricula, 


Much  of  the  trouble  stu¬ 
dents  experience  may  be  attributed 
to  the  way  we  must  crowd  a  host  of 
new  and  seemingly  unrelated  con¬ 
cepts  into  a  single  three  or  four 
semester-hour 


yC<»4ltRU<TION 


course.  Fractically 
all  other  electrical  courses  are  based 
upon  a  very  few  fundamental  princi¬ 
ples  which  are  developed  in  a  suffi¬ 
ciently  leisurely  manner  for  the  stu¬ 
dent  to  correlate  them. 

“In  electronics,  we  may  start  with 
an  orgy  of  modern  physics  associated 
with  electron 


-  CABINETS 
rq  -  CHASSIS 
-PANELS 
-^RACKS 

for  ELECTRONIC  APPARATUS 


and  space 
charge  flow,  introduce  a  host  of  new 
symbols  for  our  discussion  of  the 
characteristics  of  diodes,  triodes, 
etc.,  rush  through  an  inadequate 


Send  specifications;  or  write  for 
our  Catalog  No.  41  A. 
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MO  STOPS  A 
KAimCK! 

Out  of  the  sky  by  radio  flashes 
lick  warning  of  on  ambush.  Our 
:,ks  wheel  to  meet  it  —  and  turn 
jj-ter  into  victory! 

It's  this  kind  of  instant,  sure  com- 
nuniration  that  saves  the  day  in 
m.  With  split-second  timing  must 
clear,  undistorted  radio  recep- 
|ion  —  never-icdling  dependability. 

Because  it  knows  these  qualities 
distinguish  MURDOCK  Radio 
Fhoncs,  the  U.  S.  Signal  Corps  uses 
■'^^cse  time-tested  receivers. 

Take  a  tip  from  the  leaders  — 
m  MURDOCK  Radio  Phones! 
/•’rite  Dept.  62  for  catalogue. 


in.  J.  Mardock  Co. 
Chelsea,  Mass. 
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ing  most  of  the  time  on  the  indus¬ 
trial  applications  of  hot  and  cold 
cathode  gas  tubes! 

“Another  factor  which  must  be 
considered  is  that  many  of  our  con¬ 
cepts  of  electronics  are  changing  and 
expanding  very  rapidly,  just  as  they 
did  during  the  last  war,  and  many 
topics  which  we  now  pass  over  lightly 
soon  will  assume  unusual  importance. 
Many  of  our  graduates  now  entering 
wartime  communication  work  are 
coming  in  contact  with  electronic 
equipment  which  involve  principles 
they  have  never  heard  of.  This  con¬ 
dition  may  continue  after  the  war 
unless  we  are  prepared  to  reorganize 
our  treatment  of  electronics. 

“In  view  of  these  deficiencies,  eight 
semester  hours  seems  the  minimum 
time  which  communication  men 
should  be  required  to  devote  to  elec¬ 
tronics  if  they  are  to  obtain  a  suffi¬ 
cient  knowledge  of  this  subject  to  be¬ 
gin  to  follow  its  progress  in  the  lit¬ 
erature.” 

New  List  of  American 
Standards 

More  than  600  standards,  94  of 
which  represent  new  and  revised 
standards  approved  since  the  August 
1942  issue,  are  listed  with  prices  in 
the  new  list  of  American  Standards 
published  by  the  American  Stand¬ 
ards  Association.  The  20-page  list 
for  1943  can  be  obtained  free  of 
charge  by  writing  to  the  American 
Standards  Association,  29  West  39th 
St.,  New  York  City. 

A  special  section  of  the  list  is  de¬ 
voted  to  American  War  Standards, 
including  those  on  fixed  mica  capaci¬ 
tors,  meters,  and  radio  receiver  re¬ 
placement  parts. 

IRE  Post-War  Planning 
Committee 

A  SPECIAL  COMMITTEE  under  the 
Chairmanship  of  Haraden  Pratt, 
Vice-President  of  Mackay  Radio  and 
past  president  of  IRE,  was  dele¬ 
gated  by  the  IRE  Board  of  Directors 
with  drafting  of  a  plan  for  setting 
up  a  technical  body  to  provide  for 
post-war  development  of  radio,  tele¬ 
vision  and  electronic  applications. 
The  association  is  to  be  representa¬ 
tive  of  a  broad  cross-section  of  the 
entire  radio  industry,  and  one  of  its 
objectives  is  to  recommend  methods 
of  introducing  new  radio  develop¬ 
ments. 
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LONGER  LIFE 

with 

Photo-Electric  Cells 


Vibration,  shock  and  othar  machani- 
cal  violence  show  no  affect  for  a 
very  long  time  on  calibration  ac¬ 
curacy,  or  the  sensitivity,  of  photo¬ 
electric  cells.  This  useful  longevity, 
plus  light  weight  and  the  fact  that 
no  amplification  is  required  for 
measurement  problems,  makes 
photo-electric  cells  the  logical 
choice  for  many  critical  instrument 
applications. 


PHOTO  ELECTRIC  CELLS 


Here  at  Bradley  Laboratories,  we 
have  had  continuous  proof  of  the 
exceptional  performance  of  our 
Luxtron*  cells.  In  demanding  mili¬ 
tary  service  applications,  Luxtron* 
'  cells  have  made  records  for  lasting. 

When  photocells  are  the  logical 
'  choice,  Luxtron*  cells  are  the  first 


/  1 


!  choice. 


BRAOLE! 

LABORATORIES,  INC. 

82  MEADOW  STREET,  NEW  HAVEN.  CONN. 
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FM  Oddities 


A  MUNITIONS  PLANT  in  Detroit  picks 
up  the  programs  of  FM  station 
W46D  daily  and  relays  them  via 
loudspeakers  to  about  6000  workers 
in  its  three  plants.  The  station  pro¬ 
vides  a  special  show  at  certain  hours 
for  stimulating  worker’s  morale, 
consisting  of  appropriate  melodies 
with  no  vocals  and  infrequent  an¬ 
nouncements.  Other  local  war  plants 
are  showing  interest  also.  Each  war 
worker  hearing  FM  is  a  good  pros¬ 
pect  for  an  FM  receiver  after  the 
war. 

During  a  luncheon  in  Philadelphia 
at  which  Lowell  Thomas  was  award¬ 
ed  a  medal  by  the  Poor  Richard 
Club,  soft  music  came  from  the 
public  address  system.  It  persisted 
after  the  speeches  started,  giving  a 
certain  poetic  grandeur  to  some  of 
the  duller  phrases.  Listeners  thought 
the  music  a  nice  touch  until  an  an¬ 
nouncer  broke  in  and  gave  the  call 
letters  of  a  local  FM  station.  By 
some  hard-to-explain  circuit  peculiar¬ 
ity,  the  public  address  system  was 
acting  like  an  FM  receiver  and  pick¬ 
ing  up  the  signal. 
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^  FILTERS 
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INDUSTRIAL  FILTERS 


Mill«r  industrial  filters  ore  designed  for 
all  types  of  radio  interference  producing 
devices  and  ore  highly  effective  at  brood- 
cast  and  short  wave  frequencies.  They 
hove  highest  attenuation  characteristics  at 
all  frequencies  used  in  radio  communica¬ 
tion.  Each  filler  is  completely  seoled  for 
complete  protection  under  all  climatic 
conditions. 


STEATITE 
th  a  new  ] 
as.'^,  henc€ 
idar  Divis 
^  by  man 
sulators  i 
senolic  pli 
ailable  fc 
;ar.  Produ 
i  changes 
In  initiati 
mm  mater 
■ose  becom 


AIRCRAFT 

INTERFERENCE  FILTER 


The  No.  7884  Radio  Interference  Filter, 
developed  expressly  for  oircrafi  use,  will 
effectively  suppress  noise  present  in  the 
ship's  electrical  system.  Insure  noise-free 
rodio  reception  by  instolling  a  Miller  Duo- 
lateral  Wound  Rodio  Interference  Filter. 
Dimension  diameter  by  3"  long. 

Weight  1.25  lbs.  Write  for  specification 
sheet. 


Police  Radio  Convention 

The  1943  National  Conference  of 
the  Associated  Police  Communica¬ 
tion  Officers  will  be  held  at  Madison, 
Wise.,  Aug.  31  to  Sept.  2.  Discus¬ 
sions  on  war-time  police  radio  opera¬ 
tions,  WERS,  OCD,  priority  prob¬ 
lems  and  similar  war  topics  will  oc¬ 
cupy  most  of  the  time.  Ray  Groenier, 
Chief  Radio  Engineer  of  the  Madison 
Police  Dept.,  is  Chairman  of  the  con¬ 
ference. 
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Designed  for  use  with  larger  household 
appliances  and  commutator  type  motors, 
as  well  as  communication  type  receivers 
and  recording  equipment,  this  Miller  Filter, 
No.  7515,  uses  larger  capacitors  and 
heavier  capacitor  inductors  to  handle  load 
requirements  up  to  550  watts.  Size  2yi" 
square  x  4"  long.  115  volts,  550  watts. 


WPB  News  About  Quartz 
Crystals,  Batteries,  Steatite 
and  Radio  Sets 

Quartz  crystals  are  needed.  Citi¬ 
zens  who  own  property  on  which  the 
crystals  may  be  found,  or  know 
where  any  can  be  found,  are  re¬ 
quested  to  get  in  touch  with  the  Mis¬ 
cellaneous  Minerals  Division,  War 
Production  Board,  Temporary  “R” 
Bldg.,  Washington,  D.  C.  Only  sepa¬ 
rate  individual  crystals  weighing  at 
least  half  a  pound,  at  least  three 
inches  long  and  an  inch  thick  are  de¬ 
sired.  They  must  be  clear  and  color- 
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See  yovr  Wholesaler  or 
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'Demand  fhe  Besf!' 


New  YOAK.N.Y. 


•BUILDERS  OF  QUALITY  RADIO  INDUCTANCES  SINCE  1924 
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ELECTRONIC' 


a  or  have  a  light  smoky  color. 
Iky  quartz,  rose  quartz  and  pur- 
\  quartz  (amethyst)  are  useless. 


Battery  production  has  been 
|)3ted  to  425,000  per  month  to 
;ig  relief  to  rural  dwellers  who  de- 
jdd  upon  battery  radio  sets  for 
iy  war  and  food  program  news 
Id  for  entertainment.  This  exceeds 
-war  production,  but  the  existing 
klog  of  requirements  means  it 
[]  take  quite  some  time  to  balance 
pply  and  demand.  Furthermore, 
iteries  require  critical  materials, 
ilities  and  manpower  all  subject 
prior  claimants,  including  the 
Imy  and  Navy,  hence  the  present 
|te  may  have  to  be  cut  back  again. 

Steatite  is  plentiful  now,  along 
ith  a  new  product  called  multiform 
|iss,  hence  the  WPB  Radio  and 
;dar  Division  is  encouraging  their 
e  by  manufacturers  for  moulded 
iulators  in  electronic  equipment, 
tenolic  plastics  will  probably  be 
lailable  for  new  uses  later  this 
ar.  Producers  are  urged  to  watch 
changes  in  supplies  and  use  their 
initiative  in  switching  quickly 
m  materials  becoming  scarcer  to 
becoming  less  critical. 

j^OME  RADIO  SETS  will  soon  be  re- 
.Ired  with  component  parts  stand- 
iized  by  WPB  Limitation  Order 
293.  Production  of  dry  electrolytic 
i  paper  capacitors,  power  and 
lio  transformers  and  choke  coils 
iding  to  the  new  standards  will 
^rt  July  1.  The  new  parts  require 
Tiimum  use  of  critical  materials, 
irding  to  latest  information, 
will  carry  brand  names  of 
anufacturers. 

Radio  tubes  not  on  the  preferred 
=!  will  henceforth  require  a  min- 
m  rating  of  AA-1  instead  of 
[-1-J.  This  applies  chiefly  to  obso- 
e  types. 

aiiiio  Business  News 

tTR(  IT  Electronic  Laboratory,  a 
: '  firm  with  headquarters  at  10345 
i.v'i  k1  Ave.,  Detroit,  Mich.,  an- 
lunces  a  “Victory  Repair  Service” 
r  hard-to-get  ignition  tubes,  in- 
iing  the  General  Electric  GL  and 
^  series  and  the  Westinghouse  WL 
"ies.  The  new  company  is  directed 
John  D.  Gordon  as  General  Man- 
1,  and  will  also  develop  and  manu- 


AMPhin 

BATTEBY  CURBENT  a  VOLTAGE 

REGULATORS 


Feofurei; — 

1.  Ampf-rites  cut,  battery 
voltage  fluctuation  from 
approx.  50®o  to  2‘’o. 

2.  Hermetically  sealed  — 
not  affected  by  altitude, 
ombient  temperature, 
or  humidity. 

3.  Compact,  light,  and 
inexpensive. 

Now  used  by  U.  S.  Army 

Navy,  and  Air  Corps. 

Send  js  your  problem. 


i  H  ^  i 

V  1 

^  VOLTAGE  OF  24V  {  WITH  AMPERITE 

BATTERY  &  CHARGER  ■  VOLTAGE  VARIES 
VARIES  APPROX.  [  ONLY 
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•I'M  GLAD  WE 
i  HAVE  THOSE 

MONARCH 

INSTRUMENTS* 

...  INI  THE  PLANT  TOR 
TASTER  PRODUCTION 


...YES, 

Our  calibrerting 
equipment,  cmd 
special  testing- 
measuring  in¬ 
struments  are 
doing  important 
"war  iobs"  ev¬ 
erywhere  for 
manufacturers  in 
the  radio  -  elec¬ 
tronic  field.  May 
we  help  YOU? 


MONARCH  MFC.  CO..  2014  N.  Major  Ave..  Chicago,  ill. 


VARIOUS  NEW  MODELS 
AND  RANGES 


NEW  BATTERY-VIBRATOR  TYPE 

No  more  tiresome  cranking  of  a  hand-driven 
generator  .  .  .  Entirely  self-contained,  steady 
test  potential  of  500  volts  DC,  available  at  the 
touch  of  a  switch.  Direct  reading  in  insulation 
resistance. 


HERMAN  H.  STICHT  CO.,  INC. 

27  PARK  PLACE  '  NEW  YORK,  N.  Y. 
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FM  Oddities 

A  MUNITIONS  PLANT  in  Detroit  picks 
up  the  programs  of  FM  station 
W45D  daily  and  relays  them  via 
loudspeakers  to  about  6000  workers 
in  its  three  plants.  The  station  pro¬ 
vides  a  special  show  at  certain  hours 
for  stimulating  worker’s  morale, 
consisting  of  appropriate  melodies 
with  no  vocals  and  infrequent  an¬ 
nouncements.  Other  local  war  plants 
are  showing  interest  also.  Each  war 
worker  hearing  FM  is  a  good  pros¬ 
pect  for  an  FM  receiver  after  the 
war. 

During  a  luncheon  in  Philadelphia 
at  which  Lowell  Thomas  was  award¬ 
ed  a  medal  by  the  Poor  Richard 
Club,  soft  music  came  from  the 
public  address  system.  It  persisted 
after  the  speeches  started,  giving  a 
certain  poetic  grandeur  to  some  of 
the  duller  phrases.  Listeners  thought 
the  music  a  nice  touch  until  an  an¬ 
nouncer  broke  in  and  gave  the  call 
letters  of  a  local  FM  station.  By 
some  hard-to-explain  circuit  peculiar¬ 
ity,  the  public  address  system  was 
acting  like  an  FM  receiver  and  pick¬ 
ing  up  the  signal. 
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RADIO 

INTERFERENCE 
^  FILTERS 


INDUSTRIAL  FILTERS 


Miller  indutlrial  filters  are  designed  for 
all  types  of  radio  interference  producing 
devices  and  ore  highly  effective  at  broad¬ 
cast  and  short  wave  frequencies.  They 
have  highest  attenuation  characteristics  at 
all  frequencies  used  in  radio  communica¬ 
tion.  Each  filter  is  completely  sealed  for 
complete  protection  under  all  climatic 
conditions. 


Steatite 
,vith  a  new 
rlass,  henc 
Radar  Divi 

;s;e  by  ma 
Insulators 
i’henolic  pi 
ivailable  i 
•ear.  Prod 
changes 
tn  initiat 
rom  matei 
^ose  becon 


AIRCRAFT 

INTERFERENCE  FILTER 


The  No.  7884  Radio  Interference  Filter, 
developed  expressly  for  aircraft  use,  will 
effectively  suppress  noise  present  in  the 
ship’s  electrical  system.  Insure  noise-free 
rodio  reception  by  installing  a  Miller  Duo- 
Lateral  Wound  Radio  Interference  Filter. 
Dimension  2'^"  diameter  by  3"  long. 
Weight  f.25  lbs.  Write  for  specification 
sheet. 


Police  Radio  Convention 

The  1943  National  Conference  of 
the  Associated  Police  Communica¬ 
tion  Officers  will  be  held  at  Madison, 
Wise.,  Aug.  31  to  Sept.  2.  Discus¬ 
sions  on  war-time  police  radio  opera¬ 
tions,  WERS,  OCD,  priority  prob¬ 
lems  and  similar  war  topics  will  oc¬ 
cupy  most  of  the  time.  Ray  Groenier, 
Chief  Radio  Engineer  of  the  Madison 
Police  Dept,,  is  Chairman  of  the  con¬ 
ference. 
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Designed  for  use  with  larger  household 
appliances  and  commutator  type  motors, 
os  well  as  communication  type  receivers 
and  recording  equipment,  this  Miller  Filter, 
No.  7515,  uses  larger  capacitors  and 
heovier  capacitor  inductors  to  handle  load 
requirements  up  to  550  watts.  Size  "IVi” 
squore  x  4"  long.  115  volts,  550  watts. 


WPB  News  About  Quartz 
Crystals,  Batteries,  Steatite 
and  Radio  Sets 

Quartz  crystals  are  needed.  Citi¬ 
zens  who  own  property  on  which  the 
crystals  may  be  found,  or  know 
where  any  can  be  found,  are  re¬ 
quested  to  get  in  touch  with  the  Mis¬ 
cellaneous  Minerals  Division,  War 
Production  Board,  Temporary  “R” 
Bldg.,  Washington,  D.  C.  Only  sepa¬ 
rate  individual  crystals  weighing  at 
least  half  a  pound,  at  least  three 
inches  long  and  an  inch  thick  are  de¬ 
sired,  They  must  be  clear  and  color- 
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ELECTRONIC! 


AMPERITE 


BATTERY  CURRENT  a  VOLTACE 

REGULATORS 


Features: — 

1.  Ampf-rites  cut  battery 
voltage  fluctuation  from 
approx.  50*^0  to  2°o.  j 

2.  Hermetically  sealed  —  | 
not  affected  by  altitude,  I 
ambient  temperature,  I 
or  humidity. 

3.  Compact,  light,  and 
inexpensive. 

Now  used  by  U.  S.  Army, 

Navy,  and  Air  Corps. 

Send  us  your  problem. 


Test  Insulation  the  Modern  Way 

with  a  MODEL  B>5 


,<,s  or  have  a  light  smoky  color, 
rjlky  quartz,  rose  quartz  and  pur- 
quartz  (amethyst)  are  useless. 


Battery  production  has  been 
Yosted  to  426,000  per  month  to 
ag  relief  to  rural  dwellers  who  de- 
end  upon  battery  radio  sets  for 
!aily  war  and  food  program  news 
.!id  for  entertainment.  This  exceeds 
re-war  production,  but  the  existing 
cicklog  of  requirements  means  it 
,»il)  take  quite  some  time  to  balance 
supply  and  demand.  Furthermore, 
latteries  require  critical  materials, 
acilities  and  manpower  all  subject 
;o  prior  claimants,  including  the 
\my  and  Navy,  hence  the  present 
rate  may  have  to  be  cut  back  again. 


Steatite  is  plentiful  now,  along 
rith  a  new  product  called  multiform 
lass,  hence  the  WPB  Radio  and 
ladar  Division  is  encouraging  their 
;se  by  manufacturers  for  moulded 
nsulators  in  electronic  equipment. 
Phenolic  plastics  will  probably  be 
ivailable  for  new  uses  later  this 
rear.  Producers  are  urged  to  watch 
changes  in  supplies  and  use  their 
m  initiative  in  switching  quickly 
[rom  materials  becoming  scarcer  to 
:>iose  becoming  less  critical. 


VOLTAGE  OF  24V  j  WITH  AMPf  RITE 
BATTERY  &  CHARGER  i  VOLTAGE  VARIES 
.  VARIES  APPROX.  '  ONLY  J 


%OME  RADIO  SETS  will  soon  be  re¬ 
ared  with  component  parts  stand- 
irdized  by  WPB  Limitation  Order 
,-293.  Production  of  dry  electrolytic 
ird  paper  capacitors,  power  and 
liidio  transformers  and  choke  coils 
iccording  to  the  new  standards  will 
prt  July  1.  The  new  parts  require 
pinimum  use  of  critical  materials. 
Iccording  to  latest  information, 
rey  will  carry  brand 
Manufacturers. 
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Our  calibrating 
equipment,  and 
special  testing¬ 
measuring  in¬ 
struments  are 
doing  importemt 
"war  lobs"  ev¬ 
erywhere  lor 
monuiacturers  in 
the  radio  -  elec¬ 
tronic  field.  May 
we  help  YOU? 


names 


Radio  tubes  not  on  the  preferred 
it  will  henceforth  require  a  min¬ 
ium  rating  of  AA-1  instead  of 
-l-J.  This  applies  chiefly  to  obso- 
te  types. 


VARIOUS  NEW  MODELS 
AND  RANGES 


^atlio  Business  News 

iB^TRiiiT  Electronic  Laboratory,  a 
fntv\  firm  with  headquarters  at  10345 
Linwood  Ave.,  Detroit,  Mich.,  an- 
ncunces  a  “Victory  Repair  Service” 
fcr  hard-to-get  ignition  tubes,  in- 
efe  ding  the  General  Electric  GL  and 
^  series  and  the  Westinghouse  WL 
es.  The  new  company  is  directed 
bf  John  D.  Gordon  as  General  Man¬ 
lier,  and  will  also  develop  and  manu- 


NEW  BATTERY-VIBRATOR  TYPE 

No  more  liresome  cranking  of  a  hand-driten 
generator  .  .  .  Entirely  self-contained,  steady 
test  potential  of  500  volts  DC,  available  at  the 
touch  of  a  switch.  Direct  reading  in  insulation 
resisunce. 


i  ■  CTRONICS 


facture  special-purpose  electroni 
tubes  such  as  those  used  for  contr 
equipment  for  resistance  weldin 

Webster  Products  has  pureh.isf.: 
the  Armitage  Ave.  plant  of  Webster 
Chicago  Corp.  in  Chicago,  and  nil 
continue  the  manufacture  there  o 
generators, 
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BRANDING 

on  Pla^iioi  is  the 
order  of  the  day! 


dynamotors,  generators,  inverters 
voltage  regulators,  small  motors  am 
special  instruments. 

Cook  Electric  Co.  has  opened  a  new 
plant  for  its  Bellows  Division  at  90; 
Diversey  Parkway,  Chicago,  contain 
ing  a  modern  testing  laboratory  with 
newest  facilities  for  altitude  tesU 
on  aircraft  equipment. 

Eimer  and  Amend  have  moved  to 
new  headquarters  at  Greenwich  an: 
Morton  Sts.  in  New  York,  witii 
manufacturing  shops,  laboratories 
stock  rooms  and  offices  all  in  a  sin^Ir 
building. 

Westinghouse  has  opened  a  new 
four-acre  blackout  plant  on  the  Eas* 
Coast  for  production  of  special  Arniy 
radio  equipment.  Illumination 


^  War  tin*  damoRdt  for  tho  swift.  accMrot*  prodoetioR  of  plastic  ports 
liavo  Riado  RogaR's  doop-roliof  broad* 
log  tfco  ordor  tfto  day. 

Many  ossontial  war  avary 

now 
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mathod  of  branding  in  deep-relimf.  Ac*  m  m 

curata  graduations,  lattaring,  M 
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for  Nota  Rogan  on  M 

surfacas  illus* 

Wa  urga  you  .  .  .  for  complata  da* 
on  this  lass  costly,  approved 

HMthod  for  .  .  . 

d—p^liof  branding. 
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ROGAN  BROTHERS 
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Comprassioa  Holden  emd  Broodon  of  ffostlcs 


Chicago,  Illinois 


2003  S.  Michigan  Ave. 


SxuHf’  a  WUutiWf  in  tke 


ONAN  GASOLINE  DRIVEN  ELECTRIC  PLANTS  provide 
electricity  in  locations  where  it  is  not  otherwise  available, 
and  for  emergency  and  standby  service. 

Thousands  oi  these  reliable,  sturdy  Plants  ore  doing  a 
winning  job  on  all  the  fighting  irohts  Jay  providing  elec¬ 
tricity'  ioymony  vital  war 
tasks.  Ratings  from  350  to 
35,000  watts.  A.C.  50  to 
800  cycles,  110  to  660  volts. 
D.C.  6  to  4000  volts.  Also 
.  dual  A.C.  and  D.C.  output 
water 
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London  News  Letter 

By  John  H.  Jupe, 

London  Correspondent 

RedifTusion.  The  British  Post  Of 
flee  Engineering  Department  Iw 
carried  out  some  advanced  experi¬ 
ments  in  the  transmission  of  brwii 
cast  programs  over  the  usual  teie 
phone  lines,  using  radio  frequemy 
methods. 


models.  Air  or 
cooled. 

Details  gladly  hmiished  on 
your  present  or  post-war 
need  for  Electric  Plants. 


S  Frederic 
Ronsible 
Rdi  rating 
■bes  in  a' 
P>use  Lan 
pcsitinn  a 
Wbe  prod 
joined  We 
Woduction 


Plans  have  more  or  less 
been  completed  whereby  it  will  b< 
possible  to  give  a  choice  of  six  pro- 
many 


W.  ONAN  &  SONS 


grams. 

however. 


more  things, 
it  seems  highly  probablf 


ELECTRONIC 


The  TURNER  Co 


Cedar  Rapids,  Iowa 


iiat  no  general  offer  will  be  made  to 
^ei'^one  subscribers  until  after  the 
rar. 

The  cost  of  the  audio  frequency 
ediffusion  service  which  is  so  com- 
lon  in  this  country  is  about  30  to  50 
ents  per  week  depending  on  whether 
,  loudspeaker  is  hired  from  the  com- 
lany  or  supplied  by  the  subscriber, 
[here  is  no  standard  charge,  as  all 
he  present  systems  are  in  private 
lands. 


^.ctrohm 

FERRULE 

TERMINAL 


Kcsistors 

GIVE  YOU  THIS  ASSURANCE 


llectrical  Brain  Writing. 


Some 

reeks  ago,  considerable  interest  was 
iroused  in  this  country  by  the  intro- 
luction  of  “brain  writing”  in  a  mur- 
ler  trial.  A  young  man  who  com- 
litted  a  murder  seemed  definitely  ab- 
lormal,  so  tests  were  made  on  him  by 
neans  of  a  direct  ink-writing  electro- 
ncephalograph.  The  case  was  fea- 
ured  in  the  daily  press  as  it  was  the 
irst  time  in  British  legal  history 
hat  such  an  instrument  had  been 
~cd  as  a  means  of  obtaining  evi- 


•  a  cool  operating  unit 

•  a  resistor  that  is  integrally  one-piece  and 
trouble-free. 

•  silver  soldered  connections  that  cannot  be¬ 
come  loose. 

•  exclusive  ferrule  design  assuring  positive  con¬ 
tact. 

•  a  complete  range  of  sizes  to  suit  all  applica¬ 
tions. 


Request  Bulletin  No.  98  for  complete  information. 


ndustrial  Uses  for  X-Rays.  An 
-ray  machine  designed  by  the  Brit- 
&h  Post  Office  is  being  used  to  find 
iins  and  paper  clips  in  waste  paper, 
ijndles  of  paper  are  taken  in  five  at 
time,  and  the  presence  of  any  metal 
I  shown  at  once  on  a  screen.  Good 
indies  are  thrown  into  a  basket; 
ad  ones  are  laid  aside  for  hand  sort- 
iR.  The  pulping  plant  is  no  longer 
majred  by  pieces  of  metal,  and  the 
me  taken  to  sort  the  scrap  has  been 
tdiu'ed  by  one  tenth. 


5127  W.  25th  Street 


Cicero,  Illinois 


turner 


'tTsonnel 

John  K.  Hilliard  has  joined  Altec 
^rising  Corp.  of  Los  Angeles  as 
hief  engineer  of  their  Radar  and 
lotion  Picture  Division. 


He  was 

flrnr  rly  chief  transmission  engi- 
||cor  of  the  M-G-M  sound  depart- 
jK  lit.  and  recently  served  as  con¬ 
sultant  to  the  Radiation  Labora- 
Iteries  at  MIT. 


Utilizing  a  2-element  generator,  101  oflTers  true 
rardioid  characteristics;  extremely  sensitive  to 
sounds  originating  in  front  of  the  microphone,  the 
rear  may  be  considered  dead.  Where  the  going  is 
Write  for  tough  and  acoustic  conditions  practically  im- 
your  copy  possible.  Turner  101  assures  complete  intelligibil- 
ner’Tne*w  with  tilting  head,  balanced  line 

catalog.  output  connection  and  heavy  duty  cable.  Available 
in  Standard,  DeLuxe  and  Broadcast  models.  a 


Frederick  S.  Rowe  will  be  re¬ 
sponsible  for  scheduling  and  co¬ 
ordinating  production  of  electronic 
Sbes  in  all  plants  of  the  Westing- 
house  Lamp  Division,  in  his  new 
position  as  manager  of  electronic 
production  and  stocks.  He 
uomed  Westinghouse  in  1913  as  a 
[pi'j  uction  clerk,  at  the  age  of  16. 


CTRONICS 


DX  CRySTAl  CO 


GENERAL  OEUCES  1841  W  CARROLL  AVE  ,  CHICAGO.  ILL  ,  U  S  A 


Mr.  H.  B.  Crouse,  president  of  th. 
Crouse-Hinds  Co,,  Syracuse,  N  Y 
manufacturers  of  electrical  equip 
ment  since  1897,  died  of  a  heart  ail 
ment  on  June  12,  at  the  age  of  7o 
The  firm  is  one  of  the  largest  manu 
facturers  of  electrical  appliances  ii 
the  country,  was  among  the  first  tn 
manufacture  electric  traffic  signal? 
and  is  now  engaged  in  war  pro 
duction. 

Mr.  Crouse  was  a  graduate  oi 
Phillips  Andover  Academy,  fron 
which  he  was  graduated  in  1891 
After  spending  several  years  in  in 
dustry,  Mr.  Crouse  organized  th« 
Crouse-Hinds  Co.  with  J.  L.  Hind- 
in  1897,  and  has  always  been  ex 
tremely  active  in  that  organization 

The  J.  H.  McGraw  Medal  “foi 
signal  contributions  to  the  advance 
ment  of  the  manufacturing  branch 
of  the  electrical  industry”  was 
awarded  to  Mr.  Crouse  in  1940 
Long  a  member  of  the  National 
Electrical  Manufacturer’s  Associa¬ 
tion,  Mr.  Crouse  was  also  a  director 
of  the  New  York  Telephone  and  Tel¬ 
egraph  Co.  and  also  of  the  Massa 
chusetts  Mutual  Life  Insurance  Co. 
In  February  he  was  named  a  mem¬ 
ber  of  the  War  Department’s  Ad 
visory  Committee  on  Procurement 
and  Policy.  In  addition  he  was  an 
active  participant  in  many  civic  or¬ 
ganizations  in  Syracuse,  N.  Y. 


In  cutting  quartz  down  into 
wafer-thin  fighting  Xtals  the  DX 
Cr>>tal  Company  is  pacing  the 
industry.  Speed,  precision  and 
dependability  are  prime  watch¬ 
words  of  those  who  help  make 
these  vital  parts. 


XTALS 


Thaddeus  Niemiec  becomes  chief 
engineer  of  General  Control  Co. 
His  previous  experience  includes 
electrical  and  electromechanical 
work  at  Westinghouse,  along  with 
electronic  engineering. 


Leslie  G.  Thomas  steps  up  from 
works  manager  to  vice-president  ini 
charge  of  production  at  Interna¬ 
tional  Resistance  Co. 


A  COMPACT  LLr  LL 

HIGH  FREQUENCY 

INDUCTION  HEATING  UNIT 


His  pioneer 
production  activities  in  radio  man¬ 
ufacturing  date  back  to  1920. 


David  E.  Chapman,  formerly  vice- 
president  of  Airadio  in  Stamford. 

chief  engineer  of 


.  .  .  performs  all  these  operations 
quicker,  simpler,  more  efficiently  and 
at  a  fraction  of  the  cost.  Complete  en¬ 
gineering  data  on  your  work  is  freely 
offered.  Send  samples,  or  write  for 
catalog  E  today. 


Conn 

United  Cinephone  Corp.  of  Torring- 
ton.  Conn. 


Col.  William  O.  Reeder  and  Col 
John  H. 


Gardner  of  the  Signs’ 
Corps  were  among  52  colonels  re¬ 
cently  elevated  to  the  rank  of 
Brigadier  General.  Both  have  long 
records  of  achievement  in  militan' 
communication.  Officers  in  the  field 
received  more  promotions  than 
those  in  Washington. 


HIGH  FREQUENCY  LABRATORIES,  INC. 

39  WMt  60th  StrMt,  N«w  York,  N.  Y. 
PIONiiHS  IN  INDUCTION  HtATINO 
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tube  following  ARMY-NAVY  AWARDS 

t  Stanford  Uni-  American  Cyanamid  &  Chemical 

CORP.,  Selden  Div. 

Bridgeville,  Pa. 

>erner,  formerly  ,,t  o 

...  *..  .  D.  W.  Onan  &  Sons 

lligence  Division 

joined  the  OWI  Mum. 

Communications  Speakers,  Inc. 

as  associate  en-  Chicago,  lil. 

ive  charge  of  the  Raytheon  Mfg.  Co. 
spection  of  com-  Newton  and  Waltham,  Mass. 
Dment.  He  had  R-  C.  A.  Labs 
for  six  years  as  Princeton,  N.  J. 

fineer  of  station  Worcester  Moulded  Plastics  Co. 
end,  Ind.  Worcester,  Mass. 


THCRMATITE  TREATED 

THERMADOR 

TRANSFORMERS 


Thermador  Transformers  are 
Thermatite  treated  to  with¬ 
stand  extreme  temperatures 
and  humidity — arid  or  moist 
heat  —  dry  or  damp  cold  do 
not  hamper  their  efficiency. 
Thermatite  is  the  name  of  a 
process  of  accurate  heat  con¬ 
trolled  vacuum  impregnation 
developed  and  improved  over 
a  period  of  ten  years. 

Thermador  aho  manufatturei  built-in  Electrit 

Heaters,  Electric  Ranges.  Electrii  K'ater  Heaters. 


m»MAMAfT  MAGNETS 


^  ALL  SHAPES-^  ALL  SIZES 
p\  FOR  ALL  PURPOSES 

Stamped,  Formed,  and  Cast;  Chrome,  Tung- 
sten  Cobalt  and  ALNICO**  (cast  or  sin- 
M  tered)  under  G.  E.  license. 

THOMAS  &  SKIMMER 

STEEL  PRODUCTS  COMPANY 

llli  E.  23rd  STREET  INDIANAPOLIS.  INDIANA 

Laminations  for  Radio  Transformers  —  Tools 
Dies  —  Heat  Treating  —  Stampings 


THERMADOR 

Et«ctri<al  Manufacturing  Co. 
S119  S.  Rivtrtidt,  Lot  Aagoiet 
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NEW  PRODUCTS 


and  skirt  are  cut  to  length  at  the 
factory  for  the  exact  operating  fre¬ 
quency.  The  unit  is  designed  tc  be 
fed  from  a  70  ohm  coaxial  transt  .is- 
sion  line.  Fourteen  feet  of  |  iuch 
coaxial  cable  are  provided  with  th- 
antenna. 

Victor  J.  Andrew  Company,  363 


Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  measuring  equipment:  issue  new 
technical  bulletins,  new  catalogs.  Each 
month  descriptions  of  these  new  items 
will  be  found  here 


Tube  Type  Quartz  Crystal^ 

Added  to  the  line  of  the  manufac 
turer’s  piezoelectric  quartz  crystal; 
is  a  new  special-purpose  type  whid 
comes  housed  in  a  conventional  meta 
tube  case.  By  means  of  this  mount 
ing,  freedom  from  moia^e  an' 
atmospheric  changes  are  secured. 


400  cps;  thinner  Hipersil  steel  is 
available  for  frequencies  higher  than 
400-cpSf;‘and  a  stiththinner  gauge  is 
available  for  very  high  frequencies 
and  exceptional  fidelity. 

Department  7-N-20,  Westinghouse 
Elec.  &  Mfg.  Co.,  East  Pittsburgh, 
Pa.,  or  any  Westinghouse  office  will 
supply  further  information. 


— Another  service  the  manufacturt: 

/  d  _ offers  is  their  facilities  to  fabricatt 

j[  ‘  ^  I  [;  ^ill  crystal  oscillators  and  resonator- 

^  completely  from  the  raw  quartz. 

John  Meek  Industries,  Plymouth 
Ind. 

by  temperature  or  humidity  and  has 

no  moving  parts.  Standard  screw  or  Vibration  Fatigue 
standard  radio  octal  bases  can  be  Testing  Machine 
supplied  by  the  manufacturer,  Am- 

perite  Co.,  561  Broadway,  New  York,  100  vibration  fatigue  tt  si.. : 

Y.  machine  is  similar  in  appearance  an; 

operation  to  Model  25,  which  was  d 

^  •  1  A  *  scribed  in  April  Electronics.  Thr 

Coaxial  Antenna  u  * 

mam  difference  between  the  nv 

Suitable  for  fixed  station  use,  and  models  is  the  greater  capacity  ^ 

pre-tuned  at  the  factory  to  the  Model  100.  Its  specifications  are 
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’JH^liROUGH  the  growth  of  years. of  the  communications 
industry  in  all  its  phases,  the  pioneers  have  depended 
upon  equipment  of  Bunnell  design  and  manufacture.  Today 
the  industry  broadens  its  horizons;  its  developments  will 
revolutionize  untold  hundreds  of  industrial  processes. 

Again  the  pioneers  will  look  to  the  technical  assistance  of 
the  Bunnell  Engineering  Group.  Their  experience  is  at 
your  disposal. 


GENERAL  OFFICES:  215  Fulton  St 


New  York  City  •  FACTORIES  at  Brooklyn,  N.  Y. 

fny/neeu  a  nr/  ]  Z 

lAL  DEVICES  ★  INDUSTRIAL  RECTIFIERS 
FREQUENCY  GENERATORS  ★  TRANSMITTERS 


FI  ECTRONICS 


STAR 

STEATITE 


Is  Produced  By 

THREE  MODRN  METHODS 


rn  Hand  Molding 

For  complicated  shapes,  or  ports  where  most  careful 
handling  is  needed. 

(21  Aufomafie  Molding 

For  speed  and  accuracy.  Many  automatic  machines 
made  in  our  own  shops. 

01  Extruding  and  Machining 

Ifigh  pressure  hydraulic  presses  insure  uniform  density 
and  dimensions. 

STAR  STEATITE  Meets  U,  S. 
SpecMcafloes  for  Grade  G  Ceramics 


FORCE] 

ELECTRONICS  DEPT. 


Company 

TRENTON,  N.  J. 


Control  Unreliable 


Input  Voltage 


By  controlling  varying  input  voltage  to 
Raytheon  Voltage  Stabilizers  im¬ 
prove  the  performance  and  accuracy  of  the 
following  equipment  .  .  . 

Television  .  .  .  Colorimeters  .  .  .  Radar  & 
Radio  .  .  .  Signal  Systems  .  .  .  X-Ray  Ma¬ 
chines  .  .  .  Sound  Recording  .  .  .  Electronic 
Devices  . . .  Testing  Equipment . . .  Photo-Cell 
Devices  .  .  .  Production  Machinery  .  .  .  Con¬ 
stant  Speed  Motors  .  .  .  Motion  Picture 
Equipment  .  .  .  Communications  Apparatus 
. . .  Precision  Laboratory  Apparatus . . .  Other 
Applications  Requiring  Regulated  Voltages. 


How  Raytheon  Improves  Ferformanre 

Holds  Constant  A.  C.  output  voltage  to 
Stabilizes  at  any  load  within  its  rating. 

Quick  action — variations  stabilized  instantly, — can’t  be 
observed  on  ordinary  volt  meter. 

Wide  A.  C.  input  voltage  limits — 95  to  135  volts. 

Entirely  outomatic  •  •  .  No  moving  parts  .  .  .  Connect  it 
and  forget  it. 


Photoelectric  Protection 
System 

This  photoelectric  protection  sys- 
tem  projects  a  fence  of  invisible  lij^ht 
over  distances  of  1500  ft.  and  gives 
instant  local  or  central-station  aUum 
if  an  intruder  enters  the  protected 
area.  The  instrument  may  be  used 
to  protect  harbors,  docks,  industrial 
properties,  airports,  and  similar 
large  areas.  It  consists  of  a  light 
source.  Type  LOOM,  which  is  aligned 
with  a  receiver.  Type  A30M,  to 
which  it  focuses  a  modulated  beam 
of  infrared  light.  The  receiver  is 
not  affected  by  other  artificial  light 
or  by  day-light.  In  applications 
where  infrared  light  is  not  required, 
the  system  exceeds  a  protection  area 
of  2000  ft.  A  fan  in  the  light  source 
serves  as  a  light  chopper  to  pro¬ 
duce  rapidly  fluctuating  light  of  the 
desired  frequency,  and  also  cools  the 
heavy-duty  lamp.  Once  the  invisible 
beam  of  light  projected  to  the  re¬ 
ceiver  is  momentarily  broken,  the 
alarm  circuit  latches  in  operation. 
Either  power  or  tube  failure  will 
cause  the  alarm  circuit  to  operate  as 
though  the  light  beam  had  been 
broken.  Supplied  with  the  receiver 
and  the  light  source  is  an  auxiliary 
latching  relay  with  a  reset  button. 
The  equipment  is  designed  for  opera¬ 
tion  on  105  to  125  v.,  a.c. 

Photoswitch  Inc.,  77  Broadway, 
Cambridge,  Mass. 


Choke  Coils 

Choke  coils  rated  at  an  inductance 
up  to  22  henries,  maximum,  may  be 
had  wound  and  adjusted  to  suit  in¬ 
dividual  requirements. 

Union  Electric  Products  Co.,  7 
Liberty  St.,  Newark,  N.  J. 


Jacks  for  Mobile  Field  Units 

Type  JK-37  jacks  are  U.  S.  Army 
Signal  Corps  approved,  and  are  avail¬ 
able  for  prime  and  sub-government 
contractors.  The  jacks  (of  a  tele¬ 
phone  switchboard  extension  type) 
have  coin  silver  contacts,  and  are 
actually  a  three-way,  heavy  duty, 
three-prong  type  with  high  impact 
phenolic  body  and  steel  bracket  at¬ 
tachments. 

Universal  Microphone  Co.,  Ingle¬ 
wood,  Cal. 
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READY  TO 
ATTACK  NEW 
PROBLEMS 


BELL  was  ready  for  action  when 
war  brought  sudden  needs  for 
new  types  of  electronic  sound 
equipment.  Years  of  research, 
experiment  and  experience  were 
at  the  fingertips  of  BELL  engi* 
neers,  ready  to  be  applied. 

Looking  ahead  to  new  possibilities 
in  sound  amplification,  transmis¬ 
sion  and  recording  is  an  old  policy 
at  BELL.  It  explains  why  BELL 
SOUND  SYSTEMS  are  widely  rec¬ 
ognized  as  the  most  advanced  in 
their  field. 

And  while  details  regarding  the 
war-vital  electronic  devices  now 
being  produced  at  BELL  cannot 
yet  be  revealed,  you  can  be  sure 
they  include  many  developments 
that  will  make  news  in  peace-times 
to  rome.  For  today,  as  yesterday, 
BELL  is  prepared  for  tomorrow. 

^  BELfone 

^  INTER  COMMUNICATION 

mjJk.  SYSTEMS 


with  BELfone,  you  touch  a  key  and 
START  TALKING  INSTANTLY 
with  your  party.  You  save  lime. 
Steps,  energy.  No  numbers  to  dial, 
no  switch-board  delays.  Require¬ 
ments  of  any  type  or  extent  can  be 
met  with  standard  BELfone  units. 
Write  at  once  for  complete  details. 


iCTROmCS  — July  1943 


Cathocle>ray  Tube  Socket 

These  one-piece  moulded  construe-  I 
tion  cathode-ray  tube  sockets  were  I 
designed  to  completely  enclose  and  ! 
seal  the  contacts  against  tempera¬ 
ture  and  humidity  conditions,  and  to 
provide  high  voltage  flashover  at 
high  altitudes,  and  high  resistance 
between  adjacent  pins.  Another  fea-  ^ 


ture  is  a  strain  relief  ring  w’hich  pro¬ 
tects  the  soldered  joints  against  vi¬ 
bration  pull,  or  twist  of  the  wires. 
The  sockets  are  supplied  in  either  as¬ 
sembled  units  complete  with  cable,  or 
ready  for  assembly. 

Franklin  Mfg.  Co.,  175  Varick  St., 
New  York,  N.  Y. 


Tandem  Power  Rheostats 

Compact,  tandem  power  rheostat 
assemblies,  of  two  or  more  sections, 
are  made  up  of  two  25-watt  or  two 
50-watt  rheostats  coupled  together 
and  held  in  a  metal  cradle.  One-hole 
mounting  and  locking-projection  are 


used.  The  individual  rheostats  can 
be  of  any  standard  resistance  value, 
taper,  tap  and  hop-otf,  and  all  units 
go  through  the  same  degree  of  rota¬ 
tion  as  the  single  shaft  is  turned. 
The  units  are  fully  insulated  from 
each  other  and  from  the  ground. 
These  assemblies  are  made  only  on 
special  order. 

Clarostat  Mfg.  Co.,  Inc.,  285  North 
6th  St.,  Brooklyn,  N.  Y. 


RADIO 

COILS 

ON  TIJI/IE! 


WE  ARE  EQUIPPED 
TO  GIVE  PROMPT 
DELIVERY  ON 
ALL  TYPES  OF 
I.F.  AND  R.F.  COILS 


COILS 


^ioHUut 

ESSEX  SPECIALTY  CO.,  inc. 

1060  BROAD  ST. 
NEWARK,  N.  J. 
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Half-Wave  Type  Rectifier 

A  HALF-WAVE  RECTIFIER  of  the  sele¬ 
nium  type,  designated  as  N  type,  is 
given  a  special  forming  process  to 
assure  long  life.  It  has  a  working 
temperature  range  which  extends 
from  —70  deg.  C  to  +75  deg.  C,  and 
a  negative  temperature  coefficient 
All  associated  equipment,  such  as 
meters,  relays,  etc.,  have  positive 
temperature  coefficients  with  result¬ 
ing  compensation  when  used  with 
selenium  rectifiers. 

Type  N-2  consists  of  two  rectify¬ 
ing  elements  A  ins.  in  diameter  as¬ 
sembled  in  a  tubular  plastic  case 
if  ins.  and  is  rated  10  volts  a-c.  The 
rated  voltage  is  6  volts  a.c.  per  recti¬ 
fying  element.  The  d-c  rating  for 
continuous  load  is  1  ma;  for  instan¬ 
taneous  load,  3  ma.  Impedance  in  the 
forward  direction  is  1000  ohms.  Im¬ 
pedance  in  reverse  direction  is  1 
megohm  per  plate.  All  units  are 
hermetically  sealed  with  special  seal¬ 
ing  compound  so  that  the  assembly 
is  independent  of  atmospheric 
changes  and  impervious  to  moisture. 
Two  soldering  terminals  are  pro¬ 
vided. 

Selenium  Corp.  of  America,  1800 
W.  Pico,  Los  Angeles,  Cal. 


use  with 
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NUMBERING  and 
LETTERING  PRES 


EAABY  Instrument  Rectifiers 
hove  specially  treated  metal  electrodes  and  use 
the  uni-polar  conductivity  of  metal  to  seleni¬ 
um  junction.  Rectificotion  is  instantaneous— no 
warm-up  period  required.  No  moving  parts. 
Shock  proof.  Permanent  characteristics.  Unlimit¬ 
ed  life.  Increased  efficiency  with  increased  tem¬ 
perature.  Temperature  range,  —70  to  +70°. 
Unaffected  by  severe  atmospheric  conditions. 
Sealed-off  units  supplied  for  oircraft  service. 
Series  “N"  ond  “S”  have  satisfactory  frequen¬ 
cy  characteristics  and  can  be  used  in  the  fre¬ 
quency  range  up  to  100  kc. 


MODEL 


Quickly  stamps  serial  numbers 
and  other  details  on  name 
plates,  names  and  numbers  on 
tags,  etc.  Can  also  be  fur. 
nished  tor  HOT  stamping. 
Write  for  catalog. 


iiue-iA/ 


Input  5  volts.  Half  wave. 
Continuous  dc  current  1  ma. 
Used  with  meters,  detector 
circuits,  bias  voltage. 


NUMBERALL 

STAMP  &  TOOL  CO. 

HegeoMt  Sfefea  Islmd.  N.Y. 


Input  5  volts.  Half  wave. 
Continuous  direct  cur¬ 
rent  8  ma.  Nun>erous 
field  applications. 


rtour  cera] 
metal  con 
lion.  At 
are  mach: 
pge  corr 
male  rece 
and  accur 
»rd  desigr 
contacts, 
tacts  in  s 
produced. 

Lapp  It 


Input  and  output  same 
as  H-SM,  but  hss  two 
rectlfyingr  elements  con¬ 
nected  In  series. 


ELECTRONIC 

ENGINEER 


Kettles  for  Melting 
Electrical  Compounds 

Called  “Heet-Master”,  these  ket¬ 
tles  are  insulated  on  the  outside, 
and  heated  from  the  inside  by  any 
gas  line.  They  are  designed  to  heat 
quickly  with  minimum  fuel.  A  re¬ 
movable  immersion  tube  heating  unit 
makes  cleaning  easy.  Accurate  tem¬ 
perature  control  is  achieved  by  the 
use  of  an  electric  magnetic  valve  and 
thermostat  with  a  range  of  150  deg. 
to  550  deg.  F.  The  draw-off  valve 
which  is  used  for  filling  trans¬ 
formers,  batteries,  condensers  and 
other  electrical  equipment  is  con¬ 
trolled  by  lever  action  outside  and 
on  top  of  the  unit.  It  is  a  non-drip 
type,  and  opens  inside  the  kettle.  A 
hand  control  rod  or  foot  pedal  can 
be  attached  for  convenient  opera¬ 
tion.  Four  valve  reducers  are  fur¬ 
nished  with  the  unit  to  reduce  the 
stream  of  melted  compound  to  I,  i, 
S  and  i  inch,  as  desired.  The  kettles 
are  compact,  and  come  in  sizes  of  5, 
10  and  25  gallons. 

Aeroil  Burner  Co.,  Inc.,  West  New 
York,  N.  J. 


Input  10  volts.  Full  wavs 
Bridge.  C<MitinuoU8  dc  10 
ma.  Unbreakable  plastic 
case  with  mounting  exten¬ 
sion. 


Wanted  at  Once! 


A  client  oi  oun — one  of  the  most 
progressive  and  alert  manufacturers 
in  the  electronic  field,  has  an  imme¬ 
diate  need  for  a  thoroughly  traiiied 
and  experienced  engineer.  This 
Company  has  been  well  established 
for  more  than  10  years,  and  is  cur¬ 
rently  engaged  in  war  work,  but 
has  already  outlined  a  definite  pro¬ 
gram  for  post-war  production. 

This  position  is  permanent,  and 
offers  unlimited  opportunity  to  a 
man  with  ability,  vision  and  a  de¬ 
sire  to  make  real  progress.  Located 
in  a  medium  size  midwest  city,  with 
pleasant  living  conditions.  Prefer¬ 
ence  will  be  given  a  graduate  engi¬ 
neer  with  a  proven  record — but  not 
essential.  Write  Today,  stating  age, 
draft  classification,  family  status, 
training,  experience,  present  salary 
and  other  pertinent  information. 


Input  lO  volts.  Full 
wave.  Continuoua  dc  rat¬ 
ing  35  ma.  Moimted  in 


Input  10  volts.  Full 
wave  Bridge.  Continu- 

ing  35  ma. 

B  . Mounted  in 

filumlnum  case  with 
mounting  extension. 
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Input  10  volte,  Con- 

Stinuous  dc  rat- 
Ing  50  ma. 
Mounting  ex¬ 
tension  avail¬ 
able  If  specified. 


Input  10  volts.  Contin¬ 
uous  output  rating  80 
ma.  Desired  for^HH 


ALL  ILLUSTIATIONS  ACTUAL  SIZE 

Sand  for  BulUtin  with  coinplata  spacificatlons. 
(Bullatin  No.  10  on  Salf-ganarating  nioto-Elactric 
Calls  is  also  availabla.) 


,  / - 1  Manuiactunn  of  £MBY  RoeUfiort, 

^  PAoto-£/actrie  Coll*  and  alllad 

teiantific  produet* 

1800-1804  West  Pico  8lvd. 
Lo,  Angeles,  California 

Eastern  Salas  Division,  29-57  214th  St.,  Bayslda,  L.  I. 


Bovor  Bldg.,  Cedar  Rapids,  lowo 
AH:  Mr.  Ivom 


ELECTRON 


TUNGSTEN  lEADS  DANIEL  KONDAKJIAN  basis  and  caps 


plug  Receptacle  Assembly 

\  plug-receptable  assembly,  for 
ise  with  panel-rack  type  of  radio 
quipment,  features  mechanical  pre¬ 
cision;  rugged  construction  to  with- 
sitand  mistreatment  in  the  field;  full- 

steatite 


contacts 


floating 

insulation  which  resists  flashover 
and  surface  tracking.  Each  plug  and 
ieccplacle  is  constructed  of  a  zinc 
lie  casting  on  which  are  mounted 


Harvey  UHX-25 


25- watt  General  Purpose  Radio  Telephone 
Transmitter  available  for  operation  between 
1.5  M.  G.  and  30  M.  C. 


HARVEY  Radio  Laboratories,  Inc 

447  CONCORD  AVENUE-CAMBRIDGE-MASSACHUSETTS 


as 

..  ^ 

Communications  are  helping 


ing.  Its  temperature  range  is  mir  js 
55  deg.  C.  to  plus  70  deg.  C.  Otl  er 
features  include  the  use  of  a  tvo- 
stage  Freon  condensing  unit  and 
special  refrigeration  accessories  tiiat 
make  possible  flexible  operation  at 
various  loads  and  temperatures.  Posi¬ 
tive  forced  air  circulation,  that  can 
be  varied  in  volume,  and  tempera¬ 
tures  with  thermostatic  control  are 
used  for  tests  on  delicate  mechanisms 
and  precision  equipment.  Observa¬ 
tion  of  products  under  test  is  pro¬ 
vided  by  a  door  having  five  sealed 
and  dehydrated  panels  of  glass 
measuring  46  x  21i  inches.  The  steel 
frame  door  has  a  clear  opening  which 
measures  51i  x  26^  inches. 

American  Coils  Co.,  25  Lexington 
St.,  Newark,  N.  J.  . 


Lightning  war  maneuvers  are  made  pos¬ 
sible  by  radio  communications.  Were  it 
not  for  the  swift  transmission  of  vital 
messages,  victory  would  be  delayed.  To¬ 
day  on  many  far-flung  battle  fronts.  Bud 
Radio  products,  so  dependable  in  peace, 
are  showing  their  real  worth  under  fire. 


Th«  Ubrai 
•  Mlactle 
cullad  fri 
McOr«w-H 
tiont  In 
finld. 


Optical  Comparator  I 

This  comparator  is  an  instrument 
for  quickly  and  accurately  measur¬ 
ing  and  comparing  intricate  shapes 
for  inspection  purposes.  It  checks  i 
such  items  as  screw  threads,  parts  * 
for  instruments,  dies,  gears,  etc.,  for 
height,  width,  thickness  and  radius. 
It  may  also  be  used  in  industrial  ap¬ 
plications  as  a  surface  illuminator, 
strain  finder,  opaque  projector,  or 
stereo  projector.  The  instrument  is 
particularly  useful  for  inspection  of 
mass  production  parts  which  are  not 
easily  checked  with  ordinary  gauges. 
After  a  preliminary  adjustment,  the 
instrument  will  check  an  unlimited 
number  of  similar  objects  in  rapid 
succession.  The  comparator  operates 
by  the  use  of  a  32-candle  power  in¬ 
candescent  lamp  which  is  focused 
into  a  powerful  beam  by  an  aspheric 
condenser  lens  system  which  operates 
in  conjunction  with  a  projection  lens. 
A  clear  image  of  the  part  under  ex¬ 
amination  appears  on  a  ground  glass 
screen  which  measures  9x15  ins.  On 
the  same  screen  is  placed  a  sketch  of 
a  perfect  model  which  has  been 
drawn  in  the  same  scale  of  magnifi¬ 
cation  on  a  transparent  sheet.  A  cen¬ 
tering  device  aligns  the  drawing  with 
I  the  contour  of  the  projected  object 
I  and  permits  a  detailed  comparative 
I  examination.  The  instrument  oper- 
I  ates  on  110-115  v.,  a.c.,  and  may  be 
i  used  in  any  room  under  normal  light- 
'  ing  conditions.  Overall  dimensions 
are  16ixl7ix40  ins. 

Fish-Schurman  Corp.,  230  East 
I  45  St.,  New  York,  N.  Y. 


MICROWAVE  TRANSMISSION 


By  J.  C.  SLATER 

ProicMor  of  Phrsics,  Mona- 
chuMtU  Institute  ol  TecJutologr. 
310  pag»M,  illustrated,  S3J0, 


^For  ail  who  are  interested  in  the  problems  of  trans¬ 
mission  through  hollow  pipes  and  coaxial  lines — this 
book  brings  together  the  developments  in  the  field  and 
presents  them  in  a  sound,  understandable  explanation 
of  the  distinctive  characteristics  of  microwaves  and  a 
discussion  of  the  use  of  Maxwell’s  equations  as  a  means 
of  handling  the  problems  of  transmission  line  design. 
Problems  are 
treated  both 
from  the  stand- 
point  of  conven- 

MICROWAVE. 

equations.  .  AllliilOOini 


VACUUl 


Deals  with 
such  problems  as: 

•  ottunuotion  in  rnctanaular 
WOT*  quid** 

•  composii*  WOT*  quid**  and 
tb*  OToidanc*  oi  r*il*eUoa 

•  radiation  cmd  absorption  of 
onorqy  by  o  timpl*  antonna 

•  *fi*ct  of  r*fl*ctors  and  otb*r 
dovicos  for  producinq  di- 
r*ct*d  b*oma,  witb  probloms 
of  diffraction 

•  coupUnq  of  cocDcial  lino*  and 
WOT*  quid** 


10  DAYS'  FREE  EXAMINATION 


Mc<>raw-HIU  Book  Co.,  3S0  W.  43nd  St.,  N.  T.  C. 


S<*vt  me  Slater's  Microwave  Transmission  for  10  days’  examination  on  approval.  In  10  days  I  will  send 
$3.50.  plus  few  cents  postage,  or  return  book  postpaid.  (Postage  paid  on  cash  orders.) 


Addrett 


City  and  State 


Patition 


Company 
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- NOW 

a  really  high-powered 


FniTT  -  j  r 


Electric  Mot'jrs  for 
Remote  Control  Devices 

These  lightweight  motors  incor¬ 
porate  the  manufacturer’s  “Fastop 
Clutch”  which  stops  the  driven  mem¬ 
ber  in  l/50th  of  a  second  from  8000 
rpm.  These  are  for  use  in  aircraft. 
The  controls  are  flexible  and  operate 
efficiently  at  low  temperatures.  The 


TIm  Ubrary  cemprtMi 
•  Mlacfton  of  books 
eullod  from  looding 
Mc6r«w-Hltl  publlco- 
tloM  In  tho  radio 
flold. 


nMcIsIly  t•l•etsd  ky  radts  ••MtalUt*  a* 
McGraw-Hill  aubileatiani 

la  ilva  molt  eaaialala.  dcaansaMa  aa«- 
arata  af  faeti  naadad  ky  all  whaaa  Naldt 
ara  tranndad  an  radio  fandaaiantalt 

ayallaMa  at  a  laaelal  artaa  and  taraii 


Thoaa  booka  covor  circuit  phanomena,  tuba 
theory,  natworka.  maaauranianta,  and  ottaar 
— give  apaciallzad  traattnanta  of  all 
lle'ids  of  practical  dealgn  and  application.  Tbay 
are  books  of  racognlaad  position  In  tha  lltara- 
you  will  rafer  to  and  ba  rafarrad 
to  oftan.  If  you  ara  a  practical  daslgnar,  ra- 
.  hpr  or  anglnaar  In  any  field  based  on  radio, 
you  want  tbasa  books  for  tba  help  tbay  viva  In 
!  of  problems  throughout  the  whole 

[field  of  radio  engineering. 

'  S  voluRes,  3559  pages.  2558  illustrations 

fa.tman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  edition 
erman’s  RADIO  ENGINEERING,  2nd 
edition 

E  vcriits  COMMUNICATION  ENGI¬ 
NEERING,  2nd  edition 
Huntl  s  HIGH  FREQUENCY  MEASURE¬ 
MENTS 

Hennev  s  RADIO  ENGINEERING  HAND¬ 
BOOK,  3rd  edition 

SPECIAL  LOW  PRICE  •  EASY  TERMS 

Special  price  under  this  offer  leas  than  coat 
of  booka  bought  separately.  In  addition,  you 
bave  the  privilege  of  paying  In  easy  tnatall- 
■r  eiita  beginning  with  tS.OO  in  10  days  after 
X’-rt  pt  of  books,  and  13.00  monthly  thereafter. 
Irea  iv  these  books  are  recognised  as  standard 
irk.  that  you  are  bound  to  require  aooner  or 
later.  Take  advantage  of  these  convenient 
■  iiis  to  add  them  to  your  library  now. 


fOR  10  DAYS’  EXAMINATION  SEND  THIS 


=—« ON-APPROVAL  COUPON- 


McGraw-Hill  Book  Co.,  330  W.  42nil  8t.,  N.  Y.  C. 

Send  me  Badio  Englneerlnii  library  for  10  days 
J“^u>anoo  on  approval.  In  10  da.vs  I  will  send 
u.uo  plua  few  centa  postage,  and  33.00  monthly  til) 
114  li  paid,  or  return  books  postpaid.  (We  pat 
Poeuge  on  orders  accompanied  by  remittance  of 
first  toataUment. ) 


City  and  State. 


;  C(in.pany . .  y.43 
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PERMANENT 

MAGNETS 


manufacturer  recommends  the  use 
of  this  patented  clutch  in  applica¬ 
tions  where  instantaneous  braking 
is  desired.  Illustrated  is  DD-20  elec¬ 
tric  motor  with  a  Fastop  clutch  and 
burn  out  protection.  It  has  a  peak 
power  output  of  A  hp  and  weighs 
5.56  lbs.  It  is  patented  by  the  manu¬ 
facturer,  Lear  Avia,  Inc.,  Piqua, 
Ohio. 


Aircraft  Antosyn  Voltage 
Calibrator  and  Polarity 
Indicator 

Model  No.  7  is  an  instrument  used 
in  the  production-testing  of  aircraft 
autosyn  indicating  motors.  It  may 
also  be  used  by  military  inspection 
stations  and  repair  depots.  The  auto- 
j  syn,  being  the  heart  of  the  instru- 
:  ment  panel  on  aircraft,  requires  a 
!  quick  method  of  checking  its  calibra¬ 
tion  and  polarity  against  a  known 
standard. 

To  operate  the  unit  it  is  necessary 
to  insert  the  autosyn  motor  in  the 
frame.  No  clamps  are  required;  all 
fits  are  held  to  0.001  in.  The  position¬ 
ing  arm  is  then  slipped  over  the  rotor 
shaft  which  ordinarily  receives  the 
indicating  pointer.  To  check  calibra- 
!  tion,  the  positioning  arm  is  set  at  90 
deg.  or  center  scale  by  letting  a 
spring  arm  snap  into  position.  The 
unit  is  then  connected  to  a  vacuum 
tube  voltmeter  and  a  power  source 
of  400-cycle.  A  standard  autosyn,  an 
j  integral  part  of  the  instrument,  is 
then  rotated  by  means  of  a  knurled 


LITTLE  Changes 

Can  Make  A 
M  Difference 

But  the  important  thing  is — 
where  and  how  changes  in 
the  design  of  permanent 
magnets  should  be  made. 
That  takes  knowledge  of  the 
subject  of  magnetism. 

Perhaps  our  long  experi¬ 
ence  in  this  field  would  be 
helpful,  if  you  are  not  en¬ 
tirely  satisfied  with  the  per¬ 
formance  of  your  present 
magnets.  And  once  the  im¬ 
proved  design  is  worked  out, 
we  can  supply  your  re- 
j  quirements  in  ALNICO  or 
'  NIPERMAG. 


CINAUDAGRAPH 

CORPORATION 


STAMFORD,  CONNECTICUT 


HARD!  HARD 


he  owns  on  APeCO 

PHOTOCOPY  MACHINE 


thumb  screw  until  the  vacuum  tube 
voltmeter  reads  zero.  To  check  cali¬ 
bration  the  positioning  arm  from  the 


JONES 

BARRIER  STRIPS 

SOLVE  MOST  TERMINAL 
PROBLEMS 


A  compact,  iturdy  terminal  strip  with 
Bakelite  Barriers  that  provide  maxi, 
mum  metal  to  metal  spacing  and  pre¬ 
vent  direct  shorts  from  frayed  wires 
at  terminals. 

6  SIZES 

cover  every  requirement.  Prom 
wide  and  13/32"  high  with  5*40  screws 
to  wide  and  1*/$"  high  with 

l/l"•28  screws. 

Jones  Barrier  Strips  will  improve  as 
well  as  simplify  your  electrical  intra- 
connecting  problems.  Write  today  for 
catalog  anod  prices. 


center  scale  position  is  lifted  and 
moved  clockwise  or  counter-clockwise 
one  position.  Each  position  fr*  . 
center  is  equal  to  10  deg.  with  an 
curacy  of  plus  or  minus  3  minutes. 
The  vacuum  tube  voltmeter  will  then 
read  voltage  deviation  from  standard 
and  can  be  checked  progressively 
every  10  deg.  after  balance  to  zero 
is  made.  The  price  of  the  instrument 
is  approximately  $319.00.  It  meas¬ 
ures  10x6x3  ins.,  and  weighs  6  lbs. 
All  pin  positioning  tolerances  are 
held  to  plus  or  minus  0.0002  in. 

Televiso  Products  Co.,  6533  Olm¬ 
sted  Ave.,  Chicago,  Ill. 


The  news  from  the  fighting  fronts 
is  good  .  .  .  and  by  the  time  you 
read  this  it  may  even  be  better. 
The  power  to  shorten  the  war  lies 
as  much  in  your  hands  and  ours 
as  it  does  with  the  boys  over  there. 
Now  .  .  .  right  now  ...  is  when 
we're  needed  the  most.  Let's  hit 
hard  —  hard  —  hordl  Surely  it's 
worth  the  try  to  cut  the  life  of  the 
war  by  at  least  six  months. 


Removable  Terminal  Stud 

An  addition  to  the  line  of  the 
Rosan  Locking  System,  used  in  air¬ 
plane  manufacturing  and  in  the  elec¬ 
trical  field,  are  Rosan  Terminal  Studs 
which  are  stud-locked  in  material 
but  are  removable  because  the  lock¬ 
ing  ring  is  furnished  with  a  flange 
by  which  it  may  be  pried  out,  the 
stud  replaced,  and  the  ring  reinserted 
in  its  original  position.  This  may  be 
accomplished  without  disconnecting 
wires  or  removing  a  panel  from  a 
ship  when  repairs  are  necessary. 

The  Rosan  Locking  System  itself 
consists  of  a  steel  stud  which  is 
locked  in  the  softer  material  by 
means  of  a  steel  locking  ring,  ser¬ 
rated  inside  and  out.  When  the  ring 
is  driven  into  place,  its  inner  teeth 
engage  the  teeth  of  a  serrated  collar 
on  the  stud.  The  outer  teeth  broach 
their  way  into  the  material.  Pres¬ 
sure  of  surrounding  material  causes 
the  ring  to  close  in  on  the  serrated 
collar,  making  a  solid  unit  of  the 
whole. 

Bardwell  &  McAlister,  Inc.,  Holly¬ 
wood,  Cal. 


APeCO  Eases  Man- Power  Shortage.  It 
saves  valuable  time  now  spent  on  tracing, 
typing,  and  copying — releasing  Men,  Wom¬ 
en  and  their  Equipment  for  other  work. 
APeCO  makes  photocopies  up  to  18x22"- 
1st  copy  in  3  minutes — 120  copies  an  hoiii. 
No  chance  for  error!  Used  by  leaders 
throughout  industry,  law,  government, 
engineering.  Foolproof  oper- 
ation!  Sturdy  construction!  BlfKlitiS 

Anyone  *  Any  Time  Can  Moke  Photo-  HIliMU 
Exact  Copies  of  Anything  Written, 

Printed,  Drawn  or  Photographed  |||LlSiD^ 

Any  inexperienced  girl  or  boy 
can  produce  permanent,  photo- 
exact  copies  at  any  desk  or 
table.  No  darkroom  needed. 

Write  for  FREE  folder  now! 

Without  obligation,  ask  to 

have  an  APeCO  ConsuItant^^^B^^ 

all 

principal  BT 
cities  and 
Canada. 


Over  there  punching,  day  in  and 
day  out,  ore  ABBOTT  Transmitters 
and  Receivers  . . .  faithful  products 
of  hands  bom  and  bred  in  the 
best  traditions  of^  American  me¬ 
chanical  cmd  electrical  skill.  Illus¬ 
trated  is  on  ABBOTT  TR-4  ...  a 
standard,  compact  and  efficient 
ultra-high  frequency  transmitter 
and  receiver. 


8  WEST  If  STIIEET*NEW  YORK,  N.  Y 
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(  Qoming  thru  the  fog!  j 

'  —  ^  •  .STili  r 


M«n,  machines  and  military  missions  de¬ 
pend  every  minute  of  every  day  upon  the  operating 
efRciency  of  radio  communications.  Astatic  Co-Axial 
Cable  Connectors,  Multi-Contact  Plugs  and  Sockets, 
Dynamic  Microphones  and  other  radio  parts  equip¬ 
ment  are  manufactured  with  utmost  precision  and 
skill  to  insure  the  highest  and  most  dependable  operat¬ 
ing  efRciancy  under  the  most 
trying  conditions. 


YOUNGSTOWN,  OHIO 

le  Canaea; 

Canadian  Astatic.  Ltd. 

Toranta.  Ont. 


CORPORATION  OF  AMERICA 

INSULiNE  BUILDING 

(36-02  35tli  AVENUE) 

LONG  ISLAND  CITY,  N.Y. 


MANY  OF  THESE 

ICA  PRODUCTS 

CAN  HELP  YOU  NOW! 


ightly  larger,  and  weigh  about  2  oz. 
lays  can  be  supplied  with  any 
ml  t  r  of  springs  up  to  the  max- 
u’M  and  with  any  combination  of 
ke,  break  and  break-make  contact 
r:  gements.  Vibration  resistance 
^’ided  by  torsion)  insures 
t  false  operation  or  release  of 
'tacts  at  up  to  10.5  g’s  (A  in.  ex- 
1  ion  at  60  cns).  as  de 


Mr.  Engineer: 

Where  will  you 
fit  in  Radio 
After  the  war? 

ir  you  are  wIm.  you  will  reallir  that  thr  s.run*  fii- 
tur.  that  OTcry  man  denlres  mu.st  be  Kainetl  by  prr- 
paring  now.  Tou  will  not  wait  for  a  ‘‘lucky  break. “ 
You  will  analyze  your  present  capabilities — deciile 
where  you  will  lit  Into  the  postwar  world  of  radio 
and  industrial  electronics.  You  won‘t  wait  very 
long.  For  you  will  realize  that  time  is  short— that 
your  future  it  wow/ 

CREI  home  study  can  prepare  you  for  the  opportu¬ 
nities  that  are  ayallable  to  crery  engineer.  Our  pro- 
gram  of  technical  study  will  bring  your  knomtedgr 
np-to-date  .  .  .  help  you  in  pour  daily  work,  and 
develop  pour  ability  to  eope  with  any  tccknical  radio 
problem. 

C'REI  courses  are  prepared  to  lit  into  busy  rrhrd- 
ulea.  Tou  can  study  a  few  hours  a  week  vritliout 
interfering  with  your  present  work.  So.  “follow- 
through“  now — (or  this  is  the  time  to  make  sure 
your  preparation  for  postwar  success  shall  pot  lie 
“too  little,  too  late”  I 

WRITE  FOR  DETAILS  IN  ^ 
lOOKLET  obMt  CREI 
Home  Sfwdy  Cossrscs 

If  pou  pro  a  profetfiomil 

Todio-man  and  want  to  make  j 

more  monep — let  us  prore  to 

pou  we  hare  eomething  you  # SmX 

need  to  Qualifp  for  the  BRT- 

TBR  earoer-iob  opportunitien 

that  can  be  vouri. 

TO  HELP  US  INTELLI. 

GENTLY  ANSWER  vquR 
INQUIRY— PLEASE  STATE 
BRIEFLY  YOUR  EDUCATION.  RADIO  EXPERI¬ 
ENCE  AND  PRESENT  POSITION. 

CAPITOL  RADIO 

ENGINEERING  INSTITUTE 

Dopt.  E-7.  3224-1 6th.,  N.W. 
WothiRgteii  10,  D.  C. 


Yes,  ICA  can  help  you  meef  tchcd-  1 
ules  by  manufacturing  any  number  L 
of  a  wida  range  of  high  quality  [ 
Radio-Electronic  products,  such  et: —  i 


General  Purpose  Radio  Relay 

A  i'.ENERAL  PURPOSE  RADIO  relay, 
Series  345,  for  aircraft,  is  available 
la  contact  combinations  from  SP,  ST, 
up  to  three  PDT.  It  has  a  large 
oil  winding  area  and  measures 
ins.  Contacts,  rated  12 
mp3  at  24  v.  d.c.,  are  arranged  to 
ithstand  10  g  acceleration  and  vi¬ 
bration  in  all  positions.  Coil  resist¬ 
ances  range  from  0.01  ohm  to  15,000 
jhnm.  Standard  voltages  are  16  to 
»2.  Other  values  are  also  available. 
The  bearing* is  a  pin  type  of  hard¬ 
ened,  non-magnetic,  stainless  steel 
Lnd  is  staked  to  the  armature  hinge, 
nhe  armature  return  spring  is  a  tor- 
M.m  t)T)e  and  maintains  an  even 
Lpring  pressure.  Relay  parts  are 
Hrsted  to  resist  deterioration  under 
F  editions  of  high  humidity. 

Circular  No.  345  describes  these 
elay.3  which  are  available  from 
iiuardian  Electric  Mfg.  Co.,  Dept. 
’45,  1625  W.  Walnut  St.,  Chicago, 


iny  Relays 

LASS  “S”  DESIGNATES  a  line  of  tiny, 
ensitive  and  rugged  new  relays 
ihich  provide  twin  contacts,  built-in 
ibration  resistance,  and  a  range  of 
perating  and  release  speeds. 

Typical  assemblies,  having  a  max- 
mum  of  six  contact  springs,  meas- 
rejxl^xli  ins.  in  size,  and 
eigh  18  oz.  Assemblies  with  max- 
um  capacity  of  12  springs  are 


•  Mwfol  Cabiawts,  Chassis,  Fooals  j 

•  Mwtal  Stampiags  •  Flags  aad 
Jacks  •  Cooiplataly  Assaoiblad 
Screw  Machiaa  Frodocts  •  Hard- 
wore  and  assan'Hals 
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Mfrs.  and  Cott- 
tractors:  Send  spe¬ 
cifications  for  esti¬ 
mates. 


fVrite  for  this 
\2-page  Indns- 
j  trial  Catalog 
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VICTOR  J.  ANDREW  CO. 

363  East  75th  Street,  CHICAGO,  ILLINOIS 
ANTENNA  EQUIPMENT 
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imprints  tubing  or  wire  on  one  side  with  clear,  durable  King  Markwell 
marking  compounds  which  penetrate  into  plastic  or  plastic  insulation.  Will 
not  wear  or  wash  off.  Handles  wire  from  No.  4  to  No.  22  size  automatically 
from  reel ;  lets  wire  fall  loose  or  rewinds  same ;  plastic  sleeve  up  to  5  8'  tube 
diameter  printed,  rewound,  notched  or  cut  off  as  desired.  Speeds  up  to 
4500  lineal  feet  per  hour.  Marking  changes  easily  made  —  automatic  reset 
stop  at  desired  intervals.  Write  for  Bulletin  125  for  full  information. 

NOTE:  Machine  for  two  side  wire  marking  will  be  announced  soon. 

Put  your  marking  problem  up  to  Markem  as  did  Grumman  Aircraft  Engi¬ 
neering  Corporation  and  other  leading  aviation  firms  now  using  Model  125. 


Sealed  Relays 

A  SEALED  CHAMBER  is  one  of  the 
safety  features  of  a  new  midget  re¬ 
lay  which  is  a  light,  compact  and 
sturdy  instrument  designed  to  with¬ 
stand  hard  usage.  The  sealed  cham¬ 
ber  serves  as  an  effective  arc  quench 
and  reduces  fire  and  explosion  haz¬ 
ards.  While  rated  at  25  amps,  the 
manufacturer  states  the  new  relay 
operates  satisfactorily  at  50  amps 
and  has  been  tested  without  failure 
at  120  amps,  inductive  load.  An  over¬ 
travel  spring  insures  positive  con- 
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MARKEM  machine  company,  KEENE,  N.  H. 

PRECISION  BUILT  PRODUCTION  MACHINES  FOR  INDUSTRIAL  MARKING 
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and  Antenna  Equipment 


If  you  need  ceramic  insulated  coaxial  cables,  you  are 
invited  to  consult  the  engineering  staff  of  the  Victor  J.  Andrew 
Company  for  recommendations  to  meet  your  requirements.  The 
Andrew  Company,  pioneer  specialists  in  the  manufacture  of 
antenna  equipment,  is  now  in  a  position  to  take  additional  orders, 
in  quantity,  for  all  sizes  of  ceramic  insulated  coa.xial  cables  and 
equipment  for  all  applications. 

If  coaxial  cables  are  your  problem  . . .  write  for  new  catalog 
showing  complete  line  of  coaxial  cables  and  accessories. 


I’lllLADI 
I  in»fr  1 


ELECTRONIC 


Relays  for  Aircraft 
Power  Circuits 

Bulletin  No.  103  describes  relays 
which  are  designed  particularly  for 
aircraft  power  circuits.  The  arma¬ 
ture  and  contact  assembly  of  the  re¬ 
lays  retain  either  position  under 
conditions  of  vibration  and  shock  and 
at  high  values  of  acceleration  of 
gravity.  The  normally-open,  SP  con¬ 
tacts  are  rated  25  amps  at  24  v.,  d.c., 


Meissner 

“RlignRire" 

Condensers  Meet 


0  - 


MT.  CARMEL,  ILLINOIS 


Instrument  manufacturers  today 
are  faced  with  a  triple  problem  — 
achieving  perfection,  at  increased 
speed  and  on  a  quantity  produc¬ 
tion  basis.  This  applies  particu¬ 
larly  to  aircraft  instruments  and 
aircraft  parts’  testing,  but  it  is 
also  applicable  to  many  other 
fields  and  processes  that  are 
vitally  important  in  wartime  pro¬ 
duction.  KOLD  -  HOLD  testing 
equipment  meets  this  triple  chal¬ 
lenge  for  performance  under  the 
severest  working  conditions. 

•  KOLD-HOLD  Stratosphere  Unit 
affords  adjustable  temperatures 
and  pressures  over  a  wide  range 
to  meet  specific  altitude  condi¬ 
tions.  Waiting  for  “favorable” 
climatic  changes  is  no  longer 
necessary,  for  within  a  few  hours, 
hundreds  of  aircraft  instruments 
can  be  tested  on  these  variations 
and  thus  speed  vital  aircraft  pro¬ 
duction. 

•  Write  for  information. 

NKW  YORK  — 254  West  Slst  Street 

( IIICAtiO  — 201  X.  Wells 

Los  AX'tiKLKS  —  lOl.'i  West  Second  St. 

I’IIILAI>KI.1*HIA  —  2414  Clover  Ijine. 

I  |»i>er  Darby 


MLD-BOLD  MANUFACTURING  CO, 

446N  Grand  Ave.,  LANSING,  MICH.,  U  S  A, 


non-inductive  load.  The  contact  gap 
and  tail  spring  tension  are  adjust¬ 
able.  Molded  bakelite,  nearly  I  inch 
thick,  forms  the  base  which  measures 
lix3J  ins.  Two  holes  are  provided  in 
the  base  for  mounting. 

Ward  Leonard  Electric  Co.,  Mount 
Vernon,  N.  Y. 


Plastic  Battery  Retainer 

A  PLASTIC  STORAGE  BATTERY,  for  USe 
in  certain  types  of  Exide  batteries, 
is  now  being  manufactured  from 
slotted  polystyrene.  The  manufac¬ 
turer  states  that  the  retainer  has,  in 
addition  to  technical  advantages, 
more  permanence  than  former  types 
of  retainers. 

The  Electric  Storage  Battery  Co., 
Philadelphia,  Pa. 


Emergency  Radio  Trans¬ 
mitter  and  Glass  Kite  String 

A  PRECISION  EMERGENCY  radio  trans¬ 
mitter  which  automatically  sends  out 
SOS  signals  is  called  the  Gibson  Girl 
and  was  developed  by  Bendix  Avia¬ 
tion  Ltd.,  of  North  Hollywood,  Cal., 
in  collaboration  with  the  Signal 
Corps’  Aircraft  Radio  Laboratory. 
The  equipment  is  for  use  of  fliers 
forced  to  make  crash  landing  at  sea. 
The  transmitter  is  waterproof.  It 
weighs  33  lbs.  with  its  accessories, 
and  is  capable  of  sending  the  distress 
signal  over  thousands  of  square 
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Exacting  Performance 
Requirements! 


hold  -  HOLD 

Stratosphere 
(nit  Model 
jOOOVflO.  X’ote 
temperature 
and  pressure 
indiratinic  con- 
tmllrrs. 


“PRECISION-BUILT 
ELECTRONIC  PRODUCTS  “ 


AVAILABLE  ONLY  ON  PRIORITIES 


3^Meissner  “AIign-.4ire”  (midget) 
units  are  now  encased  in  the  newly 
developed,  low  loss,  bakelite  (num¬ 
ber  16444)  and  occupy  extremely 
small  space  . . .  only  7/16"  in  diam¬ 
eter  and  Wh"  long  .  .  .  they  are  an 
ideal  trimmer  for  high  frequency 
coils.  Midget  “Align-Aire”  Con¬ 
densers  are  exceptionally  stable. 
Capacity  range  1  to  12  mmfd. 

Many  years  of  engineering 
research  developed  the  Meissner 
“.4Iign-Aire'’  Condensers  to  meet 
the  exacting  performance  require¬ 
ments  of  high  frequency  circuits. 
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WIRE  &  RIBBQN 

FOR  VACUUM  TUBIS 


iBI!^ 


Write  tor  list  of  stock  alloys 

SIGMUND  COHN  &  CO 

44  GOLD  ST.  f  NEW  YORK 
SINCE  1901 


Ceaplct*  raag*  of  titt* 
aad  alleys  for  Traosialt 
tiag.  Recelvlag.  lattery 
aad  Mlalatare  Tabes  .  . 


miles.  Rotation  of  a  hand  crank  op¬ 
erates  a  keying  device  which  auto¬ 
matically  spells  out  the  SOS  and 
also  produces  the  necessary  power 
through  a  generator.  The  voltage  out¬ 
put  of  the  generator  remains  con¬ 
stant.  The  device  is  pre-tuned  to  the 
International  distress  frequency  of 
500  kcs  and  is  capable  of  tripping 
tuned  automatic  shore  alarm  stations. 
Controls  on  the  front  panel  enable 
the  user  to  operate  the  set  manually 
for  sending  messages  in  code.  The 
transmitter  kit,  colored  a  vivid  yel¬ 
low  so  that  it  may  be  easily  discern¬ 
ible  in  water,  consists  of  the  trans¬ 
mitter,  kite,  two  deflated  balloons  in 
sealed  cans,  two  hydrogen  gener¬ 
ators,  two  spare  reels  of  antenna 
wire,  and  a  signal  light. 

Glass  yarn,  used  as  the  kite  string, 
is  manufactured  by  Owens  Corning 
Fiberglas  Corp.,  Toledo,  Ohio.  The 
yarn  has  great  strength  in  propor¬ 
tion  to  its  weight,  and  does  not  rot  or 
deteriorate  from  the  effects  of  salt 
water,  tropical  sunlight,  rain  or 
dampness.  The  yarn  is  twisted  and 
plied  from  continuous  filament  glass 
fibers  which  can  be  drawn  to  in¬ 
definite  lengths. 


Maltad  aad  werkad  to 
atsarad  maximaai  aal* 
feroilty  aad  straagtk 


WIRES  drawn  to  .0005"diamei«r 
RIBBON  rolled  to  .0001"  thick 


for  Radio,  Sound,  Public  Address^ 
and  Television  Equipment 

Outstanding  quality  is  maintained 
through  Peerless  design,  the  develop¬ 
ment  of  special  winding  and  impreg¬ 
nation  equipment  and  rigid  adherence 
to  difficult  specifications.  Peerless  Stock 
Transformers  are  available  in  a  broad 
range  of  designs  and  capacities. 


VtCIAL  M1UT5  .ad#  *• 

ai##t  iadividaal  •p#clfi< 
catioos.  laqairltt  lavited. 


SPECIAL 


Equipment  y 

Peerless  is  now  building  special  trans¬ 
formers  for  Aircraft  and  other  military 
equipment.  These  transformers  are  de¬ 
signed  for  light  weight,  small  size  and 
protection  against  moisture  or  exposure 
to  any  climate.  Special  transformers 
will  be  built  to  your  specifications,  for 
similar  military  services. 


■a  name  to  remember  token 
the  war  is  forgotten 


General  Electric  Products 


Write  for 
complete 
specifications 
and 
catalog 


A  NEW  LINE  OF  electronic  heaters  for 
h-f  induction  heating  and  radio¬ 
noise  filters  for  aircraft  have  been 
announced  by  the  General  Electric 
Co.,  Schenectady,  N.  Y. 

The  heaters  are  for  induction 
heating  of  metal  parts  for  brazing, 
soldering,  and  selective  heat  treat¬ 
ing,  and  are  essentially  power  oscil¬ 
lators  which  convert  60-cycle  power 
to  high-frequency  power  at  approxi¬ 
mately  500,000-cycles.  Two  standard 
sizes  are  available;  the  first  has  an 
output  of  5  kw  and  the  other  an  out¬ 
put  of  15  kw.  Simple  circuits  are 
employed  and  the  electronic  tubes, 
controls  and  other  equipment  are  ar- 


VERTICAL  TUBULAR 
STEEL  RAUIATORS 


PATENTED  FM 
TURNSTILE  RADIATORS 


"There  Is  a  Peerless 
Quality  Transformer 
for  ivery  Purpose" 


H>Vr“a//  out" for  Victory, 
but  our  engineers  are  ready 
to  u'ork  udth  you  on 
post-war  plans 
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in  compact,  completely  en- 
osed  cabinets.  The  manufacturer 
iates  that  the  use  of  conservatively 
ited  elements  reduces  maintenance 
)  the  periodical  replacement  of 
jbes,  which  when  properly  applied 
ave  an  average  life  expectancy  of 
000  to  10,000  hours  or  more.  At- 
ftched  to  the  electronic  heater  is  a 
?ork  table  with  water-cooled  coil,  or 
oils,  connected  to  the  heater  ter¬ 
minals.  Among  the  advantages  given 
or  the  heaters  are :  Heating  is  rapid 


nad  can  be  confined  to  the  area  de¬ 
sired;  operation  can  be  carried  on 
by  unskilled  operators  after  pre- 
piminary  adjustments  have  been 
Lade;  and  the  amount  of  heat  and 
its  distribution  is  controlled  accur- 
:-rely  and  automatically, 
i  The  radio  noise  filters  have  high 
attenuation  characteristics  and  are 


or  use  m  suppressing  noise,  espe- 
ially  from  200  to  20,000  kc,  in  air- 
la;  electric  systems  (circuits  with 
‘  :  equipment  as  generators,  ampli- 
iy l  es,  inverters,  and  dynamotors). 
he  filters  are  compact  and  light- 
'  ight — for  example,  in  the  100  amp 
‘ting  the  unit  weighs  2i  lbs,  and 
fneasures  5  x  4  x  2i  ins.  They  can 
'  mounted  in  any  position,  and  will 
1'  rate  over  a  temperature  range  of 
50  deg.  C.  Available  in  ratings  of 
",  50,  100  and  200  amps,  d-c  at  50 
y,  the  filters  comply  with  U.  S.  Army 
^  r  Forces  specifications,  including 
e  requirements  of  vibration  and 
elevation.  Complete  information 
contained  in  bulletin  GEA-4098. 
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PERMANENT 
.  MAGNETS 


Jhe  Arnold  Engineering  Company  pi  tnluces 
ALNICO  ty|x?s  including  ALNICU  V.  All 
magnets  are  completely  manufactured  in 
our  own  plant  under  close  metallurgical,  mechanical 
and  magnetic  control. 

Engineering  assistance  by  consultation  or 
corres|K)ndence  is  freely  offered  in  solution  of  your 
magnetic  design  problems.  All  inquiries  will  receive 
prompt  attention. 


THE  EimiHII) 
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Literature. 


Tube  Substitution  Chart.  War  time 
tube  substitution  chart  giving  ap- 
proved  government  types  for  288 
types  available  prior  to  the  govern¬ 
ment  limitation  order.  Preferred 
substitutions  are  shown  and  t^-peg 
are  coded  to  indicate  necessity  of 
changes  such  as  changing  sockets, 
changing  bias,  using  external 
shield,  using  filament  shunt  and 
rewiring  sockets.  A  functional 
cross  index  shows  the  replacement 
with  regard  to  functional  considera¬ 
tions  vs.  heater  considerations. 
Available  from  National  Union 
Radio  Corp.,  Newark,  N.  J. 


THE  WAR  E\D? 


No  one  knows.  Victory 
may  come  with  startling 
suddenness  .  .  .  let  us 
hope  so. 

When  the  war  does 
end,  you  will  find  the 
ERWOOD  engineering 
talent  available  for  your 
problems. 


End  Fittings.  Bulletin  43  deals  with 
end  fittings  for  shafts  and  casings. 
These  fittings  cover  a  wide  range  of 
application  requirements  and  are 
grouped  according  to  the  size  of 
shaft  or  casing  with  which  they  can 
be  used  and  should  be  selected  ac¬ 
cordingly.  This  bulletin  also  in¬ 
cludes  flexible  shaft  data  and  flex¬ 
ible  casing  data.  Bulletin  43 
available  from  S.  S.  White  Indus¬ 
trial  Division,  10  E.  40th  St.,  Ne's 
York,  N.  Y. 


Spot  Welders. 


Electric  welding 
equipment  and  transformers  are  de¬ 
scribed  in  Bulletin  42-W.  Spot  weld¬ 
ers  for  aircraft  production,  air  c; 
erated  projection  spot  welder,  butt 
welders,  push  and  gun  welders  are 
among  the  several  welders  illustrate 
in  this  booklet.  Also  illustrated  are 
several  manual  operated,  motorized, 
air  operated  and  variable  speed  weld¬ 
ers.  Bulletin  42-W  available  from 
Eisler  Engineering  Co.,  Inc.,  750  ' 
13th  St.,  Newark,  N.  J. 


Communication  Receivers.  “U: 
tized”  communication  receivers  ar 
explained  and  ilustrated  in  this 
page  folder.  In  this  system  ther 
are  three  basic  cells;  r-f,  i-f,  at 
audio,  each  is  assembled  in  a  stand 
ardized  protective  metal  case.  Ct. 
components  are  arranged  so  tha 
75  percent  less  hook-up  wire  is 
quired.  Available  from  Harvey  Ms 
chine  Co.,  Inc.,  6200  Avalon  Blv 
Los  Angeles,  Calif. 


PRACTICE  MAKES  PERFECT 


sacks  of  flour  does  an  Attack  Bomber  drop  on  friendly  tanks? 
does  a  Tank  Commander  draw  a  bead  on  a  friendly  plane?  How 
- — - — ^  long  must  Air  and  Armored  Forces  flex  their 

fc.  ^  "  J  muscles  together  in  practice  before  they  become 

n  I  welded  in  a  coordinated  striking  force? 

1  Know-how  takes  time  to  acquire.  We  are  thank- 
ful  that  National  had  years  of  radio  communica- 
"****®^f  tions  know-how  all  ready. 


NATIONAL  COMPANY,  INC.  MALDEN.  MASS, 
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Transformers.  Bulletin  160  de¬ 
scribes  air-cooled  transformer  ap¬ 
plications  in  war  production  indus¬ 
try.  The  types  of  air-cooled  trans¬ 
formers  manufactured  are  de¬ 
scribed  and  illustrated.  The  range 
of  55  deg.  ratings  of  auto,  two  wind¬ 
ing,  three  winding  and  four  wind¬ 
ing  type  transformers  up  to  50  kva 
are  listed.  “Power  Where  You  Need 
It”  available  from  Acme  Electric 
and  Mfg.  Co.,  Cuba,  N.  Y. 


Basic  Facts  on 
Electricity  Needed 
to  UNDERSTAND 
ELECTRONICS! 


Relays.  Bulletin  800  describes  re¬ 
lay  type  TDIC  and  type  TD3C.  These* 
relays  provide  an  adjustable  or  fixed 
time  delay  between  the  closing  of  a 
control  circuit  and  later  closing  or 
opening  of  a  load  circuit.  The  uses, 
features,  housings,  construction, 
time  scale  and  price  list  are  included. 
Bulletin  800  available  from  R.  W. 
Cramer  Co.,  Inc.,  Centerbrook,  Conn. 


PHENOLIC  COIL  FORMS 
JUMBO  SIZE 


This  coil  fonn,  one  of  a  production 
Dt,  presented  an  unusual  fabricating 
iwh'.em,  because  of  its  size  and  close 


Encountering  difficult  problems  in  the 
'«!d  of  laminated  phenolics  is  an  old 
^tory  to  our  engineers. 

Regardless  of  whether  your  require- 
enti  are  fabricated  from  sheets,  rods, 
Ji  tubes,  o  consultation  with  one  of 
j  u  organization  may  help  you  to  meet 
1  delivery  date. 


Home  Study  Courses.  Home  study 
courses  in  practical  radio  engineer¬ 
ing  and  television  engineering  are 
covered  in  this  32  page  booklet.  A 
detailed  description  of  the  various 
courses  presented  to  the  student 
are  given,  ^he  various  lessons  are 
outlined  and  a  schedule  of  courses, 
tuitions  and  terms  are  given.  Book¬ 
let  available  from  Capitol  Radio 
Engineering  Institute,  3224  16th  St., 
N.  W.,  Washington,  D.  C. 


A  clear,  concise,  practical  book 
for  those  who  want  to  prepare 
themselves  now  for  the  rapidly 
growing  fields  of  Communications 
and  Industrial  Electronics. 

Only  those  facts  and  principles 
every  communications  or  elec¬ 
tronics  worker  needs  to  know — 
and  know  well,  are  presented. 
Actual  job  problems  are  used 
throughout  to  show,  step  by  step, 
how  to  solve  electrical  and  com¬ 
munications  problems  that  arise 
in  practice. 

This  book  gives  you  a  compre¬ 
hensive  picture  of  the  fundamen¬ 
tal  laws  and  principles  govern¬ 
ing  communications  practice.  You 
w'ill  know'  the  instruments  and 
apparatus  used — what  they  look 
like — how  they  work.  You  will 
know  the  symbols  and  language 
of  the  trade,  and  learn  to  figure 
quickly  daily  problems.  This 
book  will  give  you  a  foundation 
that  will  serve  you  well  at  all 
times  and  prepare  you  for  ad¬ 
vanced  work  in  the  field. 

603  pages  $3.50 

. ON  APmOVAL  COUPON . 

JOHN  WILEY  ft  SONS.  INC. 

440  Fourth  Avonuo,  Now  Yerit  14,  N.  Y. 

Plea.se  send  me  a  copy  of  Tlmble's  BASIC  RLKC- 
TBK’ITY  FOB  COMMIJNICATIONS  on  ten  cays’ 
approval.  .\t  the  end  of  that  time,  if  1  decide  to 
keep  the  Ixmk.  I  will  remit  $3.50  pluasPOstage; 
otherwise  1  will  return  the  hook  postpaldT 
« 

Name  . 

Address  . 

City  and  State . 

Kmploved  hy  . K-7-43 


REFLEX 

SPEAKERS 

are  now  the 
ACCEPTED 
STANDARD 

for  all 

V/AR  USE 


Industrial  Music.  “Music  and  Man¬ 
power”  tells  how  music  has  made 
mahours  more  effective.  This  book¬ 
let  describes  music  as  the  mental 
vitamin,  tells  what  music  does  as 
far  as  morale  and  fatigue  are  con¬ 
cerned,  the  various  types  of  music 
to  use  and  the  results  that  have 
been  obtained  from  the  use  of  it. 
Available  from  Operadio  Mfg.  Co., 
St.  Charles,  Ill. 


EVERY  REFLEX 
in  fha 

UNIVERSITY  LINE 

is  the  result  of 

YEARS  of 
RESEARCH 


EVERY  REFLEX 
in  the 

UNIVERSITY  LINE 
het  e  vitel  part 
to  play  in  the 
WAR  PROGRAM 


Production  Facilities.  A  24  page 
booklet  outlining  the  production  fa¬ 
cilities  and  equipment  available  in 
two  plants  of  the  Ward  Products 
Corp.  This  company  is  active  in 
the  field  of  radio  and  electronics 
but  will  consider  any  kind  of  manu¬ 
facturing  which  requires  the  pro¬ 
duction  equipment  and  assembly 
qualifications  described  in  this 
booklet.  Available  from  Ward 
Products  Corp.,  1523  E.  45th  St., 
Cleveland,  Ohio. 


Thara  ara 

OVER  50  SPEAKERS 
in  tha 

UNIVERSITY  LINE 
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IT  ASSURES  VIBRATION-PROOF  CONNECTIONS 

BEFORE 


AFTER 

bolt  engoges  locking  section  of  the  nut 


bolt  engages  locking  section  of  the  nut 


Spring 

Member 

Locked 


Spring 

Member 

Relaxed 


Ccdibration  of 
Camera  Shwtterc 

(Continued  from  page  109) 
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but  rectangular;  the  margins  will 
not  be  shadows  of  the  shutter, 
but  the  width  of  the  figure  in 
the  axis  of  movement  of  the 
bar  will  measure  the  effective  expo- 
sure  and  the  fuzziness  of  those  mar¬ 
gins  at  high  speeds  will  roughly  in- 
dicate  the  opening  and  closing  times 
and  hence  the  inefficiency  of  the 
shutter.  The  method  will  not  be  as 
accurate  as  that  first  described  for 
inter-lens  shutters  since  less  total 
linear  movement  of  the  spot  is  meas¬ 
ured.  Many  variations  of  these 
methods  to  emphasize  one  or  another 
factor  are  possible  but  cannot  be 
elaborated  here. 


A  cathode 
adapted  tc 


of  a  knowi 
the  screen 
greater  ac 
and  off  by 
through  o 
plifiers  or 
the  operal 
number  c 


in  a  smgl 
tence  sere 
may  be  th 
exposure¬ 
cell  ^outpu 
amplitude 
integratec 
exposure. 

The  cat 
to  visual!: 
of  the  lig 
scribed  b; 
long  pers 
aid  of  or 
tape  devi 
nomenon 
unhurriec 
This  may 
dimensioi 
drawn  oi 
otherwise 


Some  Suggested  Preduefiou  Methods 

While  the  methods  described  above 
lend  themselves  to  small  scale  testing 
since  they  require  no  special  con¬ 
struction,  assembly  or  capital  ex- 
penditure,t  they  are  not  suitable  for 
production  control  in  factory  or  serv¬ 
ice  shop.  Here  a  direct  reading 
rather  than  a  photographic  method 
is  desirable.  The  requirements  are 
well  within  the  possibilities  of  mod¬ 
ern  electronics.*  A  few  of  the  work¬ 
able  methods  can  be  mentioned,  the 
engineering  and  the  relative  practi¬ 
cabilities  of  which  are  out  of  the 
scope  of  this  article. 

If  we  begin  with  a  phototube 
which  receives  from  a  suitable 
source,  light  passed  by  the  shutter 
under  test,  the  single,  approximately 
square  pulse  put  out  by  the  photo¬ 
tube  can  be  used  in  various  ways,  to 
determine  either  light-admitting  ca¬ 
pacity  or  motion-stopping  capacity 
of  the  shutter.  Thus  if  the  total 
charge  (milliampere-milliseconds,  or 
area  under  the  curve  of  amplitude 
against  time)  is  measured,  as  by  a 
ballistic  galvanometer  or  an  elec¬ 
tronic  integrator,  the  light  admitting 
capacity  is  measured.  For  example, 
a  device  with  a  pre-set  tolerance,  and 
indicating  simply  by  the  glow  of  one 
or  both  or  neither  (passing,  too  high, 
too  low,  respectively)  of  a  pair  of 
thyratrons,  could  be  used.  The  pho¬ 
totube  output,  suitably  amplified, 

t  Arrangements  could  doubtless  be  made 
with  many  of  the  better  equipped  radio  serT- 
ice  shops  to  perform  the  simple  maniptih 
tions  of  oscillator  and  cathode-ray  oscillii- 
graph  called  for. 
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IDEAL  RADIO  FASTENINGS 


ELIMINATES  AXIAL  PLAY 


Boots  all-metal,  self-locking  nuts  have  sev¬ 
eral  distinct  advantages:  they 

1.  Prevent  resistance  through  had  contacts. 

2.  Prevent  any  kxjsening  of  connections. 

3.  Eliminate  noise  due  to  vibration. 

4.  Simplify  assembly  and  cut  maintenance 
time. 

5.  Have  great  re-usability. 

6.  Eliminate  lock-washers. 

Our  engineering  department  can  help  you 
with  your  fastening  problems. 


The  Boots  Self-Locking  Nut  is  one  piece,  all- 
metal— withstands  sev'erest  vibration.  The  top 
(locking)  section  is  displaced  in  a  downward 
direction  . .  .  locking  threads  are  out  of  lead 
wdth  load  carrying  threads  of  low'er  section. 

Upon  insertion  of  bolt,  top  section  of  nut 
is  extended  to  engage  with  threads  of  bolt. 
A  constant  force  is  thus  established  which 
locks  nut  firmly  into  position.  AxLil  thread 
play  is  eliminated. 


There's  a  BOOTS  NUT  for  every  application 


BOOTS 


_ _ _ _ s,  thus  making  such  tests 

possible  for  the  photographer  to  whom  elee 
trical  equipment  is  unfamiliar  or  unavalt 
able. 


BOOTS  AIBCBAFT  NUT  COBPOBATION 

OENERAl  OFFICES,  NEW  CANAAN,  CONNECTICUT 


ELECTROMCS 


90  WEST  STREET  •  NEW  YORK,  N. 


^  MANUFACTURERS  OF  THE  MOST  EXTENSIVE  LINE  OF 

WARNING  &  SIGNAL  PILOT  LIGHT  ASSEMBLIES 


would  charge  up  a  large  condenser 
with  a  high  resistance  leak,  convert¬ 
ing  the  round  cornered  or  tapering 
square  wave  into  peak  voltage.  The 
voltage  across  the  condenser  would 
control  the  grids  of  two  thyratrons 
biased  below  the  firing  threshold  but 
above  the  extinction  point  and  ad¬ 
justed  so  that  the  two  limits  of  toler¬ 
ance  will  each  just  fire  one  of  them. 
A  cathode-ray  stop  watch  can  be 
adapted  to  measure  either  of  the  two 
properties  of  the  shutter.  If  a  signal 
of  a  known  frequency  is  swept  across 
the  screen  (or  in  a  circular  path  for 
greater  accuracy),  and  triggered  on 
and  off  by  the  unknown  pulse,  either 
[through  control  of  the  deflection  am¬ 
plifiers  or  of  the  cathode-ray  grid, 
the  operator  needs  only  to  count  the 
j  number  of  waves  (of  known  fre- 
I  quency)  which  are  allowed  to  appear, 
I  in  a  single  sweep  on  a  long  persis¬ 
tence  screen, 


3co/9Peir 

MQtco  uniTS 


Because  you  need  PILOT  LIGHT 
ASSEMBLIES  precision-made 
in  a  terrific  hurry,  your 
surest  course  is 


DIALCO 

NOW! 


Request  NEW 
CATALOGUE 


The  controlling  pulse 
may  be  the  effective  motion  stopping 
exposure — the  duration  of  the  photo¬ 
cell  ^output  above  a  chosen  threshold 
amplitude,  or  some  function  of  the 
integrated  output  to  measure  total 
exposure. 

The  cathode-ray  may  also  be  used 
to  visualize  further  the  actual  form 
of  the  light  intensity  time  curve  de¬ 
scribed  by  the  shutter,  either  with  a 
long  persistence  screen  or  with  the 
aid  of  one  of  the  endless  magnetic 
[tape  devices  which  repeat  the  phe¬ 
nomenon  over  and  over,  permitting 
unhurried  study  of  a  standing  wave. 
This  may  be  compared  in  each  of  its 
dimensions  with  a  standard  curve 
[drawn  on  the  face  of  the  tube  or 
otherwise  utilized. 

Any  circuit  developed  for  meas¬ 
urements  on  the  basis  of  the  photo¬ 
cell  and  a  light  source  would  include 
switching  and  zero  setting  arrange¬ 
ments  to  compensate  for  different 
light  intensities,  lens  speeds  (shut¬ 
ter  calibrations 


A.F.R.Ae.S.  Examination;  Air 
Ministry  Exams  for  Ground 
Enginears;  Advanced  Aero¬ 
nautical  Engineering  and 
Aeroplane  Design;  General 
Aeronautical  Engineering; 
Aero  Engine  Course;  Aircraft 
Apprentices'  Course;  Pilots' 
"B"  License;  Air  Navigators' 
Certificates;  Matriculation 
(London);  B.Sc.  (London) 
Pure  Science. 


various  dia¬ 
phragm  settings  are  instructive  in 
inter-lens  shutters),  and  mechanical 
and  electrical  fluctuations.  Calibra¬ 
tion  of  these  devices  is  easily  ef¬ 
fected  with  rotating  discs  or  similar 
Standards.  Inter-lens  shutters  would 
ht  set  up  simply  with  light  source  on 
one  side,  phototube  on  the  other, 
Using  all  or  any  part  of  the  light 
pui.^sed.  Focal  plane  shutters  would 
I  '  set  up  with  a  narrow  slit  at  right 
f :  gles  to  the  axis  of  shutter  move- 
p!  ent  and  just  behind  the  shutter — ^in 
I'  e  position  of  the  film.  Light  would 
I  ass  to  the  phototube  only  while  the 


Canadian  Institute  of  Science  &  Technologry,  Limited 
45  Chester  Bids..  219  Bay  Street,  Tonmto.  Ont. 

Please  forward  free  of  cost  or  oblittation  of  any  kind  your  ITS, 
page  Handbook,  “ENGINEERING  OPPORTUNITIES". 

Name  . 


176  PACES, 


Address 


Course  Interested  in 


ECTRONICS 


WE  MANUFACTURE 
ALL  TYPES  OF  MOLDED 


FITTINGS  FOR  NAVY  and  MARITIME  SHIPS 


deym/eat  Omfianf 


7-n  ELKINS  ST..  SO.  BOSTON.  MASS  . 

35  YEARS 

OF  PLASTIC  MOLDING 


EXPERIENCE 


No.  9  S-50I3-L 


JACK  BOX 


CARTER. 

The  Invisible  Member  of  the  Crew 


2^^ 


THi  Cartor  Mogmotor,  th*  uni«|u«  ami  only  Dynomotor  with  Itarmanant  Mognot 


'  fialds,  hfu  tot  now  porformanca  rocords  for  itomino,  ofRciomy,  light  weight, 
and  roliobility.  Tho  100  watt  output  modalt  weigh  only  4^4  the.,  nearly  half  the 
weight  of  other,  ordinary  conventional  type  Oynomotors  of  egual  output. 
Without  question  it  is  the  finest  Dynomotor  for  Aircraft  receiver  and  small  trans¬ 
mitter  requirements,  os  well  as  numerous  other  applications. 

The  latest  cotologue  containing  Mogmotors,  Genemotors,  Converters,  Dynomotors, 
and  Permanent  Magnet  Hand  Generators  will  be  sent  upon  request. 


1606H//wswI»«  Ars.  Cwtw.  •  ws/(  hiows  iiwM  is  fsdiolw  o»s/  ivssfir  iften.  CsWs:  G^snsolor 


moving  and  the  stationary  slits  coin¬ 
cide.  The  latter  may  be  moved  to 
various  parts  of  the  negative  area  to 
measure  the  inequalities  in  expo.^ure 
across  the  field.  This  stationary  slit 
must  be  narrow  for  the  calibration 
will  be  in  error  by  the  ratio  of  its 
width  to  that  of  the  shutter  slit.  In 
the  case  of  focal  plane  shutters 
which  are  not  significantly  “ineffi- 
cient,”  i.e.,  are  close  to  the  focal 
plane,  the  pulse  of  phototube  output 
will  be  virtually  a  square  wave  and 
the  problem  of  calibration  is  much 
simpler  than  for  the  inter-lens  shut¬ 
ter.  No  integration  of  sloping  ends 
is  necessary  and  a  simple  electronic 
stop  watch,  such  as  the  cathode-ray 
device  mentioned,  is  adequate. 

With  these  and  other  possibilities 
open  to  makers  of  cameras  for  rapid, 
unskilled,  inexpensive  testing  of 
shutters  it  may  be  hoped  that,  even 
though  expense  prohibits  accurate 
setting  of  every  shutter,  an  individ¬ 
ual  calibration  may  be  furnished 
with  each  camera,  for  use  in  critical 
work.  At  the  same  time,  if  service 
shops  in  many  localities  are  equipped 
to  perform  shutter  tests  in  a  few 
minutes,  at  nominal  expense,  it  may 
be  expected  that  a  wider,  realization 
of  inherent  shutter  inaccuracies  will 
result  and  a  significant  factor  in 
badly  exposed  color  photographs  will 
be  brought  under  anyone’s  control. 

REFERENCE 


1.  EngllBh,  P.  L.  Amrr.  Photog.,  Dtt. 
1939  ;  Jan.  1940. 

'J.  Brailsford,  II.  D..  Du  Slant  Oicillt- 
grnpher,  June-Jaly,  1940. 

3.  Bradford.  C.  I..  Electronics.  Not 
1940. 

4.  Mnrsal,  P.  A..  Electronics,  Jan.  19il 


Quartz  Crystals 


(Continued  from  page  112) 


to  11,000  kc.  For  low  frequencies 
modifications  of  these  two  cuts  are 
often  used.  The  CT  type,  cut  at 
— 38°  to  the  Z,  and  the  DT  type,  cut 
at  —52°  to  the  Z  are  in  this  cate¬ 
gory.  They  vibrate  in  a  shear  on  the 
plane  of  the  plate.  Two  other  simi¬ 
lar  low  frequency  oscillator  plate; 
are  the  ET  type  cut  at  -f  66°  to  the  1 
and  the  FT  type  cut  at  —57°  t; 
the  Z. 

A  still  newer  cut  is  the  GT,  whicl 
has  a  zero  temperature  coefficient 
over  a  large  temperature  range 
When  properly  cut  the  t.c.  of  th;; 
plate  is  less  than  one  part  over  3 
100°  temperature  range.  The  pla" 
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ADVANCE  ELECTRIC  COMPANY 
1760-1767  West  Second  Street,  lot  Angeles,  Catiloima 


is  cut  at  —51“  to  the  Z-axis  and  at 
45“  to  the  X-axis.  It  vibrates  in  a 
face  shear  which  is  really  two 
strongly  coupled  longitudinal  modes 
and  is  used  primarily  in  the  low 
frequencies.  It  has  been  extensively 
used  in  frequency  and  time  stand¬ 
ards  devices.  Another  cut  similar  to 
the  GT  is  the  JT,  cut  at  68“30'  to 
the  Z  and  45“  to  the  X  axis. 

As  has  been  stated  previously,  X 
and  Y  cuts  are  used  for  non-critical 
filters.  When  low  temperature  coef¬ 
ficient  filter  plates  are  required  the 
two  most  common  ones  are  the  — 18“ 
filter  plate,  tipped  — 18“  to  the  Z,  and 
the  +5“  filter  plate,  cut  at  +5“  to 
the  Z  axis.  The  former  has  a  longi¬ 
tudinal  motion  and  the  latter  both  a 
flexure  and  longitudinal  vibration 
which  are  coupled  together  to  obtain 
a  low  t.c.  Both  types  are  commonly 
used  as  filters  for  pilot  channel  work. 

Low  temperature  coefficients  ob¬ 
viously  can  be  attained  by  coupling 
two  modes  of  vibration  as  in  the  case 
of  the  last  mentioned  plate.  This 
scheme  is  used  in  the  so-called 
“doughnut”  type  of  oscillator.  Here, 
a  shear  motion  is  coupled  to  a  flexure 
in  the  quartz  ring.  Due  to  the  fact 
that  the  t.c.’s  of  the  two  modes  are 
opposite  in  sign,  a  zero  temperature 
coefficient  is  obtained.  Coupled  types 
of  plates  have  not,  in  the  main,  found 
wide  use  outside  of  frequency  stand¬ 
ards  because  of  the  relative  difficulty 
of  mounting  and  adjusting,  and  the 
frequent  presence  of  spurious  re¬ 
sponses  near  the  desired  frequency. 

As  alreEwly  stated,  harmonic  oscil¬ 
lator  plates  can  be  made  from  fun¬ 
damental  type  plates.  They  can  be 
made  from  —18“  plates  and  5“  plates, 
or  from  AT,  BT,  and  other  types 
suitable  for  extremely  high  fre¬ 
quencies. 

Many  of  the  cuts  mentioned  above 
were  developed  by  the  Bell  Telephone 
Laboratories. 


...  It  comes  with  the  assurance  of  exper¬ 
ience.  Thousands  of  Advance  Relays 
have  proved  their  rugged  reliability  on 
the  battlefronts. 


ADVANCE  MIDGET  TYPE 
CERAMIC  INSULATED  R.  F.  RELAY 

This  unit  is  a  sturdy,  compaa  double 
pole  double  throw  relay  available  for 
either  A.  C.  or  D.  C.  operation.  Espe¬ 
cially  designed  and  widely  used  for 
aircraft,  marine  and  other  mobile  com¬ 
munication  equipment,  it  is  only  2^"  x 
in  base  dimensions,  and  in 
height  (minimum  space  required  for 
mounting). 

•To  safely  handle  R.  F.  power,  high 
dielectric  ceramic  Steatite  insulation  is 
used  throughout  and  all  control  termi¬ 
nals  are  adequately  spaced.  A  third  con¬ 
tact  assembly  may  be  added  to  this  unit, 
either  single  pole,  single  throw  or  single 
pole  double  throw.  Pure  silver  contacts 
afford  ample  carrying  capacity  for  all 
types  of  portable  rigs.  Coils  are  contin¬ 
uous  duty  type.  The  unit  may  be  mount¬ 
ed  and  operated  in  any  position.  There 
is  complete  absence  of  "hum”  or  "chat¬ 
ter”  on  A.  C.  operated  units. 


6327  Guilford  Avenue 
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STANLEY  D.  EILENBERGER 

Consulting  Engineer 

Complete  Uenerel  Klectronlee 

Lebontory  Communlcatloiu 

end  Shop  Electro  Bloloiy 

FeeUitlee  Patent  Uerelopment 

6309  37th  Avr.  Kenosha,  WU. 

Telephone  3-4113 


JOSEPH  RAZEK,  Ph.D. 

Consulting  Physicist 

Electrical  and  Mechanical  Gnfineerlnc  Problenut 
Instrumenta  and  Control  Derloes  Electronics 
Specially  In  Colorimetry,  Spectophotometry  and 
Industr:al  Color  Control 
.  Laboratory  and  Shop  Facilities 

202  Darby  Read  Llanerch,  Pa. 

Phone  Hilltop  6910 


Finithinq  and  Mounting 

After  quartz  oscillator  plates  have 
been  properly  cut,  they  are  still  a 
long  way  from  precision  devices. 

They  have  to  be  very  delicately 
and  precisely  finished  to  specified 
frequencies.  In  addition  to  worrying 
about  frequency,  one  must  also 
watch  the  activity,  or  oscillating 
strength  during  manufacture.  This 
is  largely  determined  by  geometrical 
dimensions  and  absence  of  impuri¬ 
ties.  Charts  are  usually  follow'ed  to 
arrive  at  the  correct  dimensions  and 


J.  L.  A.  McLaughlin 


OTHER  ADVANCE  RELAYS 

are  made  for  general  circuit  control  applica¬ 
tions.  Each  receives  individual  adjustment  and 
inspection.  Orders  given  prompt  attention,  and 
deliveries  are  on  schedule.  Write  for  details. 


Designer  of 

Communications  Receivers 
P.  O.  Box  529,  Lajolla,  Calif. 


Professional  Assisiance  .  .  . 

In  iolvlng  your  most  difUcolf  problems  in 
the  specio/fied  held  of  electronic  devices 
Is  offered  by  consultants  whose  cards  ap¬ 
pear  on  this  page. 


TRONICS 


PLUGS 


JACKS 


UNIVERSAL  MICROPHONE  CO  ,  LTD 
424  WARREN  LANE 
INGLEWOOD,  CALIFORNIA 


The 

Mighty  Pencil 

The  man  behind  the 
€LDORADO  is  a  threat  to  the 
Axis.  His  lead  is  proving  as 
deadly  as  the  kind  used  by 
the  man  behind  the  gun.  His 
fob  is  that  of  creating  the 
blueprints  of  destruction  to 
destroy  said  Axis. 


before  plates  reach  the  finishing  de. 
partment  they  are  put  through  a 
very  rigid  examination  during  which 
all  with  impurities  are  removed. 

After  the  plate  is  correctly  fin, 
ished  it  must  be  properly  mounted  ir 
a  holder. 


[,awion  rroi 
L^etrohm,  Ii 

Lep<*l  High 
Lingo  &  Soi 


U.  S.  ARMY 
SIGNAL  CORPS 
U.  S.  NAVY 
APPROVED 


Mounting  is  an  art  in  it¬ 
self  and  beyond  the  scope  of  thij 
paper.  The  type  and  construction  o! 
the  holder  is  determined  by  the  mode 
of  oscillation  and  intended  use.  Ir 
its  final  mounting,  the  quartz  iseii. 
lator  plate  must  be  held  firmly  in 
place  and  be  absolutely  free  fron; 
dust,  dirt  and  moisture  since  any  of 
these  will  adversely  affect  and  ma.. 
completely  prevent  its  performance 
Fabricating  quartz  oscillator  plates 
is  a  scientific  job  which  is  still  in  its 
infancy.  New  discoveries  are  beirij^^ 
made  every  day.  Methods  which 


Ifacallen  C« 
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Never  underestimate  the 
vatueof  T^phonite  ELDORADO 
pencils  in  America’s  drafting 
rooms.  They’re  doing  magnifi- 
■cent  work!  Drawings  made 
with  Typhonite  ELDORADO 
leads  insure  clean,  easy- to- 
read  blueprints... fn  less  time. 
There’s  no  time  out  for  inking 
in  . . .  the  density  and  accu¬ 
racy  of  ELDORADO’S  leads 
guarantee  blueprinted  whites 
sharp — readable. 

Pencil  Sales  Dept.  59-J7 
Joseph  Dixon  Crucible  Co. 

Jersey  City,  N.  J. 
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Prompt  Deliveries 
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Meter  Testing  | 

{Continued  from,  page  117) 

current  output,  under  all  condition*! 

In  any  device  of  this  kind  it  i» 
absolutely  essential  to  prevent  hunt¬ 
ing  or  oscillation.  Any  mechanis:! 
such  as  a  wattmeter  moveriunt 
which  has  inertia  and  spring  troque, 
must  be  controlled  for  stable  equilib¬ 
rium  by  damping  or  anti-huntin? 
means  in  order  to  avoid  oscillation. 

The  motion  of  the  meter  is  re¬ 
produced  in  currents  by  the  phot" 
tubes,  and  the  “brain  network’’  mn** 
produce  a  voltage  to  stop  the  rn> 
tion  at  normal  pointer  position  ani 
keep  it  there.  The  means  provide: 
for  doing  this  is  really  the  braio 
of  the  outfit,  the  action  being  as 
follows : 

A  change  of  current  acts  throu?' 
Cl  to  cause  an  over-correction  to  b 
applied,  and  this  is  reduced  as  tb 
condenser  Ci  becomes  charged.  Tk 
condenser  C,  has  comparatively 
capacitance  and  accumulates  tb 


- JUST  OUT - 

ELECTRONIC 
CONTROL  OF 
RESISTANCE 
WELDING 


— Exactly  how  the  electron  tubes  and  other 
elements  of  these  controls  work — 

— What  circuits  are  used  and  why — 

— What  happens  at  every  point  in  the  cir¬ 
cuit,  at  each  moment  of  operation — 

— How  to  install  the  equipment — 

— How  to  maintain  it  for  long  life  and  effi¬ 
cient  service — 

— that’s  the  sort  of  information  you  can  get 
from  this  new  book — by  means  of  some  of 
the  most  practical,  clear,  and  easy-to-under- 
stand  explanations  you  ever  have  seen  ap¬ 
plied  to  a  technical  subject. 

Here  is  an  unusually  simple  and  practical 
manual,  fully  explaining  the  tubes  and  cir¬ 
cuits  used  to  control  resistance  welders  in 
industrial  plants,  for  the  aid  of  men  who 
work  with  and  maintain  these  controls.  From 
it,  the  man  with  no  previous  training  in 
electronics  can  gain  a  sound  knowledge  of 
tubes  and  circuits  and  their  application  in 
all  varieties  of  control  devices,  including  syn¬ 
chronous  timers  and  stored  energy  controls. 
How  the  tubes  work,  power  requirements, 
the  factors  for  good  welding  involved,  in¬ 
stallation  and  maintenance  of  the  devices — 
everything  is  covered  to  give  the  reader  the 
ability  to  get  the  most  in  long  life  and  effi¬ 
cient  service  from  these  equipments. 


By  6EORGE  M.  CHUTE 

Application  Engineer. 

General  Electric  Company,  at  Detroit 

389  pages,  6x9, 

173  illustrations,  $4.00 


COVERS 

— iinitron  contractor 
— time-delay  relay 
— automatic  Weld 
timer 

— puliation  weldinp 
lequence  oontroli 
— lynchronoui  ipot- 
Mreld  tlmor 
— weld  heat  control 
— eeam-welding 
control 

— all-tube  control  for 
Mam.  ipot  and 
puliation  weldinp 
— welder  oontroli  ui^ 
with  Mriei  capaci¬ 
tor! 

—capacitor  itored- 
enerpy  control 
— reactor  itored- 
enerpy  control 


10  DAYS'  FREE  EXAMINATION— SEND  THIS  COUPON 

MrGraw-UUI  Book  Co..  330  W.  42nd  8t.,  N.Y.C. 

Send  me  Chute’s  Electronic  Control  of  Resistance  Weldinx  for  10  days’ 
examination  on  approval.  In  10  days  I  will  send  $4.00,  plus  few  cents 
postage,  or  return  book  postpaid  (Postage  paid  on  cash  orders.) 
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ELECTRONIC 
TUBE  PARTS 
and  SHIELDS 
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Shown  here  are  just  a 
few  typical  samples  of 
GOAT  Electronic  Tube 
Parts  and  Shields  that 
have  been  stamped, 
drawn  and  formed  on 
GOAT  machines,  dies 
and  presses. 


Vy  SMALL  TOUGH 

I  ^  JOBS  .  .  .  handled 

with  skill,  precision 
and  efficiency,  are 
regular  part  of 
GOAT  Service. 
GOAT'S  position  to- 
V  day,  as  largest  in> 

dependent  manu* 
facturer  of  electronic  tube  parts,  is  due 
to  GOAT'S  experience  and  growth.  From 
the  doys  of  radio  infancy,  GOAT  has 
been  able  to  design  and  improve  the 
parts  needed  by  this  industry  as  it  de¬ 
manded  greater  sensitivity  and  durabil¬ 
ity  as  well  as  quantity  production. 
Today,  GOAT  serves  almost  every  elec¬ 
tronic  tube  manufacturer  with  a  tre¬ 
mendous  variety  of  stock  parts.  Facilities 
are  so  complete  that  GOAT  actually  can 
supply  any  kind  of  small 
metal  stamping,  made  in 
any  metal,  to  any  required 
degree  of  accuracy.  VLJ 


MeTAl  STAMPtMCSJnc. 

Division  Of  THE  FRED  GOAT  CO.,  INC. 

Mochinery  Specialists  since  1893 
314  DEAN  STREET,  BROOKLYN,  N.  Y 


TELEGRAPH  and  RADK) 
KEYS 


THE  WINSLOW  COMPAN 

INCORPORATtD 

9  Liberty  Street,  Newark,  N. 


mechanical  constants,  spring 
strength,  damping  and  moment  of 
inertia  and  the  amplifier  gain. 

The  requirements  for  non-oscilla¬ 
tion  may  be  mathematically  ex¬ 
pressed  by  the  stability  conditions 
for  the  fourth  degree  differential 
equation  of  motion  for  the  mechani¬ 
cal  system,  including  forces  pro- 
duced  by  the  amplifier  output  cur-  j 
rent.  | 

The  system  may  also  be  considered  j 
as  a  form  of  feed-back  amplifier,  for  j 
which  the  requirement  of  non-oscil-  1 
lation  has  been  stated  by  Nyquist  to  j 
the  effect  that  the  gain  versus  phase 
angle  polar  curve,  as  frequency  is 
varied,  must  not  encircle  the  point 
(1,  0).  ; 

These  two  versions  of  the  require-  i 
ments  are  identical.  The  frequency  i 
region  near  the  mechanical  resonant 
frequency  of  the  meter  element  is 
the  only  one  where  gain  is  large 
around  the  circuit  but  here  the  phase  j 
angle  also  changes  very  rapidly.  The 
gain  must  be  large  in  the  negative 
or  restoring  direction  and  be  less 
than  1  at  any  frequency  in  the  posi¬ 
tive  or  oscillating  direction. 

The  time  of  response  may  be 
greatly  reduced  over  that  of  the 
meter  element  alone  as  the  amplifier 
output  forces  act  to  reduce  the 
periodic  time  and  increase  the  damp¬ 
ing. 

It  is  not  possible  to  obtain  any 
greater  degree  of  load  holding  accu¬ 
racy  than  that  represented  by  the 
mechanical  pivot  friction  of  the 
standard  meter,  since  the  unbalanced 
force  must  move  the  meter  element 
before  a  correction  can  follow,  al¬ 
though  the  amount  of  motion  may 
not  be  observable  to  the  eye. 

Several  devices  of  the  type  are  in 
use  in  the  Development  Laboratories 
of  the  Westinghouse  Electric  and 
Manufacturing  Company's  Meter 
Works  at  Newark,  New  Jersey.  As 
constructed  they  form  an  attachment 
applied  to  the  “precision  type” 
standard  wattmeters,  and  allow  full 
advantage  to  be  taken  of  the  in¬ 
herent  accuracies  of  these  instru¬ 
ments.  Furthermore  errors  of  ob¬ 
servation,  and  inconvenience  of  use 
under  unsteady  supply  conditions, 
are  entirely  eliminated.  After  an  in¬ 
strument  is  set  to  maintain  a  re¬ 
quired  load  the  observer  may  con¬ 
centrate  his  attention  upon  the  test 
instrument.  The  use  of  two  observ¬ 
ers  (one  to  read  each  meter)  is 
I  eliminated. 


Telegraph  Keys  to  Signal 
Corps  Specifications 


now  in  production  include 
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Microdjne 
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Quotations  upon  request 


•QUIPMENT  for  the  war  effort,— 

(1.)  MUST  perform  up  to  highest 
standards. 

(2.)  MUST  eontinne  to  perform  ir¬ 
respective  of  climatic  variations. 


That  is  why  AUDAX  magnetically 
powered  pickups  are  selected  for  war 
eontracts.  In  building  picknps  under 
such  contracts,  we  do  not  have  to 
change  our  peacetime  specifications  be¬ 
cause  such  MUSTS  have  alway*  been 
a  basic  requirement  in  AUDAX  Instru¬ 
ments. 


Probably  no  othor  organization  ii  as 
wall  aquippod  as  McGraw-Hill  to 
solva  tha  complicatad  problam  of 
list  maintananca  during  this  pariod 
of  unparallalad  changa  In  Inaustrlal 
parsonnal. 

McGraw-Hill  Mailing  Lists  covar 
nost  major  industrias.  Thay  ara  com- 
pilad  from  eiclusiva  sourcas,  and  art 
basad  on  hundrads  of  thousands  of 
mail  quastionnairas  and  tha  raports 
of  a  nation-wlda  fiald  staff.  All 
namas  ara  guaraniaad  accurata  with¬ 
in  2%. 

Whan  planning  your  diract  mail 
advartising  and  salas  promotion,  ce«- 
sldar  this  unic^ua  and  acoaomical 
sarvica  in  ralation  to  your  product. 
Datalls  on  raquast. 


llie  sharp  clean-cut  facsimile  repro¬ 
duction  of  MICRODYNE  —  reganUess 
of  climatic  conditions — is  a  marvel  to 
all  who  have  put  it  to  the  only  test  that 
really  counts  .  .  .  the  EAR  TE^ST. 


WITH  OUR  COMPLIMENTS 

A  copy  of  “PICKUP  FACTS”  is  yours 
for  the  asking.  It  answers  many  ques¬ 
tions  concerning  record  reproduction. 


BUY  WAR  BONDS 


- - - 

McGRAW-HILL 

DIRECT  MAIL  LIST  SERVICE 


AUDAK  COMPANY 

SOO  Fifth  Ave.  New  York  City 

**Creators  of  High  Grade  Electrical 
and  Acoustical  Apparatus  since  1915.” 
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